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I. Introduction 
A. History 
Up until several years prior to the attack on 
Pearl Harbor by the Imperial Government of Japan, causing 
the entrance of the United States into World War II, the 
munitions industry of this country was practically non-
existent. This condition existed due to the fact that the 
democratic structure of the United States manifested itself 
in the paths of a peace loving country with little design 
for aggression and with therefore small incentive for a 
munitions industry. Because of the fact that the manufacture 
of ammunition is fluctuative and uncertain, and prospers only 
in time of war, private enterprise in normal times was hardly 
expected to nor did it undertake the huge risks incident to 
the enormous capital expenditure necessary to set up and 
operate a munitions industry. 
In existence, however, prior to World War I, waa a 
handful of government-owned and operated arsenals which, 
since the Civil War, had provided the Army and Navy with their 
nominal requirements of small arms ammunition, artillery ammu-
nition and naval gun ammunition. The demands for ammunition 
by the United States government were never great enough to 
warrant the establishment of a profitable privately-owned 
plant for the manufacture of any ammunition larger than 
ammunition for pistols and hand rifles, called small arms 
ammunition. 
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With the advent of World War I it became rapidly evident that 
government-owned arsenals and plants could not furnish the 
needs of the Allied Forces. This gave rise to the opening of 
several privately-owned plants for the manufacture of small 
arms ammunition and various manufacturing plants for the pro-
duction of T.N.T., ammonium picrate, smokeless powder, black 
powder and other explosives necessary for the manufacture of 
ammunition. Some government-owned and privately-owned plants 
for the manufacture of ammunition components such as empty 
projectiles, cartridge cas·es, fuzes and primers were opened 
in various parts of the country. Witnessed here was the birth 
of a munitions industry; however, its growth was relatively 
short-lived and finally completely stopped by the a~stice 
which brought world War I to a close. 
In the ensuing decades, with conferences for dis-
armament and the establishment of limited armaments, little 
incentive exiaed for the maintenance or growth of a munitions 
industry and so once again the output of government-owned and 
operated plants in the main sufficed to furnish the needs of 
the country. In the 1920's and early 30's some growth in the 
manufacture of small arms and other implements of war by 
private enterprise took place and was fostered by trafficing 
in arms and munitions with several foreign countries, despite 
the volumes of protesting literature written about the 
"Merchants of Death" and the publicity given to government 
hearings on the flow of munitions from this country. However, 
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no substantial contribution was ever made toward the building 
of a munitions industry of which, in a few more years, the 
United States government was found to be in desperate need. 
B. Definition of Munitions 
At this point the writer wishes to establish that 
when the word munitions is used in this thesis it refers only 
to articles of ammunition such as small arms ammunition, army 
artillery ammunition, naval gun ammunition, bombs and rockets, 
and not to other implements of war generally classed as 
munitions; such as guns of all types, tanks, ships, airplanes, 
etc., the history and manufacture of which will not be covered 
in this thesis. The definition of words and terms peculiar 
to the field of ~ition and necessary to a better under-
standing of this thesis follows immediately after the intro-
duction. 
c. Growth of Munitions Industry 
It was not until observation at first hand of Wor~d 
war II in the late 1930's and until the entrance of the United 
States into the war that the near fantastic requirements of 
ammunition revealed itself. And only then were immediate 
steps taken to introduce, build, and coordinate the industrial 
machinery of the United States to meet that challenge. 
There followed the appropriation of billions of 
dollars by the government to expand and build many government-
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owned and operated arsenals and ammunition manufacturing 
plants. Hundreds of government-owned, privately operated 
plants at cost plus fixed fees were built to furnish com-
ponents and parts necessary for the vast war machine, and 
finally thousands of contracts were let out to conv~rted 
plants in order to make full use of all industrial 
facilities. 
D. Volume and Cost of Fire Power · 
It is significant that through ~e years, the 
prosecution of each war has revealed an evolution of warfare 
that might very well be termed as the "growing volume of 
fire". In other words the strategy has been to expend as 
great an amount of fire power as possible to gain the objec-
tives rather than to depend upon various strategies of 
surprise and movement of manpower as was the case when the 
implements of war were measured more by muscle, brawn and 
physical endurance. Experience has shown that a "rain of 
metal" on the enemy is the most effective offensive and de-
fensive weapon that can be employed. A brief inquiry into 
the growing use of this strategy may readily be made by a 
study of the following facts. In one minor engagement of 
World War I, the British threw out more shells than in the 
entire Boer War. Together with the allies in the last year 
of the war they fired 152,500,000 rounds of ammunition 
8 
compared to 2,000,000 fired by the Union side in the last 
year of the Civil War.* Naturally the cost was also on the 
astronomical side; many billion dollars were spent by the 
allies for ammunition compared to ten million in the Civil 
War. 
In 1945 the U. s. Navy turned out $240,000,000 
worth of ammunition per month as compared with $30,000,000 
a month in 1942. At Tarawa the Navy used 30,000 tons of 
ammunition, Marshalls 16.000 tons, Marianas 36,000 tons and 
at Okinawa the Navy used 50,000 tons of ammunition.** 
More recently in ·fifteen days of hard fighting in 
Korea, something like 1,087,500 shells of calibers 105MM and 
155MM representing $36.000,000 was used by the U.N. forces. 
In Korea, the u. s. Army was authorized to fire at a rate 
several times greater than in World war II. At that rate 
the requirements for the prosecutions of present day warfare 
are tremendous.*** 
Figure I is a compilation of data showing the 
amount of ammunition production which was accomplished by 
the governmental and industrial might of the United States, 
from January 1, 1940 thru August 1, 1945·**** 
* 15, p. 100 
p. 67 
p. 68 
p. 93 
** 23, 
*** 23, 
**** 22, 
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Artillery Ammunition 
Mortar Ammunition 
Grenades, Pjrotechnics, 
Mines & Explosive Charges 
Bombs & Rockets 
10,958,454 tons 
476 1 312 tons 
462,029 tons 
5,989,603 tons 
COST 
- $9,766,166,000 
.30 .45 • 50 
Caliber Small Arms 38,866,000,000 rds. - $3,600,000,000 
Fig. I - Ammunition Production January 1, 1940 to 
August 1, 1945. 
Obviously, as shown in Figure I, the cost of ammu-
nition during the five years noted above was astronomical 
and the quantities of ammunition expended in battle unbelieve-
ably large. While considerable demobilization of war plants 
took place after World War II, the existence of a munitions 
industry in the United States is unmistakable now. It mani-
fests itself in a network of privately owned plants manu-
facturing all kinds of items and components necessary for the 
manufacture of a complete round of ammunition. It is further 
indicative in the many government-owned, privately-operated 
plants now assembling all kinds of ammunition, and further in 
the tremendously expanded and numerous government-owned and 
operated plants engaged in the manufacture of all types of 
ammunition, testing and proving of ammunition and research and 
development of new types of ammunition. 
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E. Purpose of Thesis 
It is the purpose of this thesis to inquire into 
the mechanics and organization of an hypothetical plant manu-
facturing ammunition for the United States government. More 
specifically to inquire into and study the purpose, organiza-
tion, functions, methods and problems of two important 
divisions of this plant; namely the Production-Planning 
Division and the Quality Control Division. Special attention 
is being given to these two divisions because it is felt that 
in this type of an industry it is imperative that contracts 
for certain types of ammunition, to be furnished at a certain 
time, be honored and in fact fulfilled since operational plans 
prepared for the waging of war are entirely dependent upon the 
attainment of production g9als• Thus the need for up to date, 
highly efficient, and effective production planning and eontrol 
is basic towards meeting these goals. 
Having produced the ammunition and having met our 
contractual obligations we must be sure that our commodity, 
namely ammunition is of the highest quality obtainable and in 
fact as near perfection as is possible. This goal is no mere 
idealism but is basic in the production of ammunition---to 
obtain the assurance that the ammunition is safe to handle, 
safe to ship and to move, and even to drop accidentally; that 
it will still be safe and dependable after long exposure to 
wind and rain, heat or cold, and yet be certain that it will 
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function surely and effectively at the precise instance the 
soldier wants is to. In order to fulfill these requirements 
an increasing and tireless effort in the field of quality 
control and final inspecti.on has to be maintained at all times. 
This responsibility rests in the Quality Control Division. 
It is further the purpose of this thesis to inquire 
not only into the organization and functioning of these two 
important divisions but to pin point the problems of these 
divisions and to propose and evaluate various techniques of 
production planning and quality control toward the end that 
some small contribution may be made towards the more efficient 
operation of these functions in the management of an industry 
which is so vital to the defense of our nation. 
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II. Nomenclature Used in the Muni tiona . Industry 
A. General Statement 
As is the case in almost any industry that we can 
name, the munitions industry contains within it a set of 
words and definitions which are peculiar to and can only be 
used in reference to the field of munitions. These words are 
generally known as nomenclature and because of the many sizes 
and types of present-day ammunition it is essential that we 
have some system of nomenclature which allows us to describe 
the individual types and to differentiate between them. 
Ammunition is any material used in attack or defense 
in warfare intended to inflict damage upon the enemy. It con-
sists of artillery, aircraft, rocket, small-arms, and mis-
cellaneous ammunition. Regardless of the type, it is used 
to destroy personnel, fortifications, structures, ships, air-
craft, ammunition dumps, or any military objective.* 
For the purposes of this thesis we shall only be 
concerned with one type of ammunition, namely, that which is 
referred to as "artillery ammunition" in the Army and "gun 
ammunition" in the Navy. FUndamentally, a complete round of 
this type of ammunition consists of two basic parts; the part 
that leaves the weapon, collectively called the projectile; 
and the parts that propel the projectile and remain in the 
weapon. 
•*17, p. 2 
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The projectile is a slug of metal which generally 
contains a certain amount of explosive as a burster charge 
and from one to four components known as fuzes which upon 
functioning will cause detonation of the burster charge. The 
parts which propel the projectile from the gun are composed 
of a propellant powder which when it burns generates gas 
pressures which cause the projectile to leave the gun. The 
propellant powders are contained in shells known as cartridge 
cases constructed from brass or steel. They may also be con-
tained in silk bags depending upon the amount of powder which 
is required for certain guns and the feasability of handling 
such a container of powder. 
In order to initiate explosion of the propellant 
powder a priming agent is necessary. The priming agent 
called a primer may be assembled into the case containing the 
propellant charge or else when the powder is contained in silk 
bags it may be inserted into the breech block of the gun. 
This is the inside part of the gun which is in contact with 
the silk propellant charges. The primer, itself and explosive 
agent, is activated by a blow from a firing pin or the heat 
from an electical current resulting in the further ignition 
of the propellant charge thus propelling the projectile from 
the gun. 
Artillery ammunition and gun ammunition are generally 
grouped into three categories: 
(1) Fixed Ammunition 
(2) Semi-Fixed Ammunition 
(3) Separate-Loaded Ammunition 
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B. Fixed .Ammunition 
Fixed Ammunition is that type wherein the pro-
pellant powder is contained in a brass or steel cartridge 
case which is permanentl y attached to the pro j ectile. 
(Q.) 
Fig. II - Round of Fixed .Ammunition 
(a) Cartridge Case 
(b) Propellant Powder 
(c) Primer 
(d) Pro j ectile 
(e) Burster Charge 
(f) Base Fuze 
(g) Nose FUze 
(h ) Rotating Band 
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c. Semi-Fixed Ammunition 
Semi-Fixed Ammunition is that type wherein the pro-
pellant powder is contained loose in the cartridge case, or 
in several bags which are packed into the cartridge case. 
The case i s loosely attached to the projectile or else en-
tirely separate from the projectile so that the charge can 
be adjusted before firing in order to obtain different 
velocities and ranges. 
(C) 
~ 
t<? ~ 
cP/),.;::J~ !J 
fp<J •• ::f? 
~ : c:: 
'---
(c) 
(e) 
(p) 
Fig. III - Round of Semi-Fixed Ammunition 
(a) Cartridge Case 
(b) Propellant Powder 
(c) Primer 
(f) Projectile 
{g) Burster Charge 
{h) Base Fuze 
(d) Silk Bag {Army Type) (1) Nose Fuze 
{e) Cork Plug (Navy Type) {j) Rotating Band 
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D. Separate-Loaded Ammunition 
Separate-Loaded Ammunition is that type wherein the 
propellant powder is contained in separate bags and is loaded 
behind the projectile in the breech of the gun. The primer 
is located in the breech of the gun behind the powder and not 
in the ruamunition itself as in fixed and semi-fixed ammunition. 
(eJ 
Fig. IV - Round of Separ ate-Loaded Ammunition 
(a) Silk Powde r Bag (f) Burster Charge 
(b) Propellant Powder (g) Base Fuze 
(c) Primer (h) Ignition Pads 
(d) Silk Cord Lacing ( 1) Rotating Band 
(e) Projectile Casing ( j ) Nose Fuze 
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E. Interchangeable Components 
In the manufacture of ammunition it is advantageous 
to design certain components such as fuzes, primers, and 
tracers so that they may be used interchangeably in different 
types and sizes of ammunition. Because of the need for the 
mass production of all components of ammunition it has been 
considered economically wise to keep the number of types at a 
minimum. In view of the many characteristics which have to 
be built into ammunition components, such as the ability to 
stand up in transportation, ability to be stored without 
danger of deterioration or decomposition of the explosives in-
volved, necessity of being safe to manufacture and load and 
lastly the ability to withstand the explosion of the gun and 
still retain its functional purpose, it has been advantageous 
to develop as few de.signs as possible and to devote as much 
ingenuity as possible in designing and manufacturing compon-
ents which will satisfactorily meet the requirements listed 
above. 
·The concept of interchangeable components has con-
tributed to and made possible mass production of these 
components. Inherent also in this concept is the need for 
designing components which will lend themselves to mass pro-
duction. By this it is meant that such items as inaccessible 
drilled and counterbored holes, difficult threading operations, 
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loading of explosives in inaccessible cavities, parts and 
assemblies not lending themselves to ready inspection, etc., 
must be avoided.* 
The following is a partial list of the more impor-
tant interchangeable components and their definition. 
(1) Fuze- - - - A mechanism or device for controlling the 
ignition or detonation of a projectile. 
Impact fuze may be assembled in the nose or base of 
projectile and functions upon impact with the target. 
Time fuze is assembled in the nose of the projectile 
and functions in the air at the expiration of a pre-
determined time. 
(2) Primer- - - A device for igniting the propellant powder 
that imparts motion to a projectile. 
Percussion Erimer is fired by the action of a firing 
pin in the gun. 
Electric 2rimer is fired by closing an electric circuit. 
Combination orimer may be fired by the action of a 
firing pin in the gun or by closing an electric circuit. 
(3) Tracer- - - A device which burns, thus momentarily leaving 
a trail or trace of the trajectory of the pro-
jectile. 
Screwed-In ~ is a separate component screwed into 
the projectrre-after it is loaded. 
Direct-Base !IE! is a composition which is loaded 
directly into a cavity in the base of the projectile. 
·:H7, p. 125 
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The following ammunition components are not of the 
interchangeable type but are usually designed to fit the 
caliber of ammuni tion for which they are intended. 
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(1) Cartridge Case A brass or steel cylindrical sh.ell which 
holds the propellant powder. 
{2) Projectile 
(3) Distance Piece ----
(4) Gas-Check 
(5) Gas-Check Gasket --
A hard steel missile designed to be 
fired from a gun and usually consisting 
of a fuze and explosive filler. 
A cardboard spacer designed to fill the 
space in the cartridge case between the 
propellant powder and the projectile in 
fixed ammunition. 
Machined bands on the projectile includ-
ing a copper rotating band or bourrelet 
which bear against the bore of the gun 
and which prevent gases from escaping 
ahead of the projectile. 
A copper and lead ring which is pressed 
around the periphery of a base fuze 
assembled in a projectile to prevent 
gases from entering the projectile 
through the base. 
(6) waterpro~ecting Cap-A bronze or steel cap designed to 
fit over the nose of loose projectiles 
in order to protect the nose fuze por-
tion of the projectile. 
{7) Ammunition Box · - -- Wooden or metal box designed to hold 
certain quantities of specific types 
and calibers of ammunition. 
(8) Ammunition Tank---- Cylindrical container, steel, aluminum 
or fabric designed usually to hold one 
round of ammunition. 
(9) Adapter Metal or wooden shape for use in specific 
containers to adapt them for use with 
different types of ammunition. 
F. Explosives 
When one thinks of the word "explosives" there 
immediately comes to mind the vision of an ex?loding fire-
cracker or bomb or the blast coming from a gun and they all 
appear to be essentially the same except that the reports 
from some explosions seem greater than from others. Actually 
the explosions which take place at the firing of a bullet or 
projectile from a gun and the explosion which takes place upon . 
the bursting of the projectile at the target are of an entirely 
different nature. The latter is the explosion of a powder 
which belongs to a class of explosives called "high explosives" 
and the former is the explosion of a powder which belongs to 
a class of powder called "low explosives". 
High Explosives 
Low Explosives 
are powders which are usually initiated by 
shock o~ a blow, have a very high rate of 
reaction, and a high disruptive effect on 
the surrounding medium.* 
are powders which are usually initiated by 
flame or a spark, have a comparatively lower 
rate of reaction and have a comparatively 
less disruptive effect on the surrounding 
medium.* 
In the manufacture of fixed, semi-fixed and separate-loaded 
ammunition there are two separate and distinct classes of ex-
plosives which are used: these are the propellant powders 
which utilize various of the "low explosives" and the projec-
tile fillers which utilize various of the "high explosives". 
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Smokeless Powder is the name commonly given to 
modern propellant powder. This powder consists of individual 
grains in the shape of solid cylinders which vary in length 
from one eighth of an inch to three inches and are one 
sixteenth of an inch to one inch in diameter. Some foreign 
types of smokeless powder grains may be several feet in 
length. The explosion of this type of powder which is a low 
explosive takes place as more of a rapid burning rather than 
an immediate detonation. Thus as gas pressures are developed 
from the rapid burning of the smokeless powder grains, the 
projectile is forced down the barrel of the gun and expelled 
on its way. 
High explosive powders are used for projectile 
fillers. Some of these powders are: Ammonium picrate which 
is known as explosi~e "D", black powder, cast TNT, tetryl, 
and several RDX compositions. The explosion of each of the 
above powders is instantaneous and highly disruptive to its 
surrounding medium. Obviously the use of a high explosive 
powder as a propellant powder would be highly disasterous to 
the gun and immediate vicinity of the gun in that the instan-
taneous explosion produced would demolish the gun itself. 
Likewise the use of a low explosive as a projectile filler 
would produce a highly .inefficient pay load and would in fact 
be subject to doubtful functioning. 
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In t he munitions industry factors such as the 
elapsed time between the actual loading of a component and 
its use, the storage period of both explosives or amm~ition 
itself and the number of handlings of ammunition are very 
difficult to foresee. The storage period may be days or it 
may be years. For these reasons milita~y explosives must 
have certain inherent characteristics. Explosives which are 
handled in large quantities must be comparatively insensitive 
for safety reasons. Explosives which require high sensitivity 
to function properly are generally handled in small quantities. 
Military explosives must possess a high degree of stability so 
that its calculated effectiveness will not be materially 
effected by long periods of storage or handling. 
G. Ammunition Lot System 
During the manufacture of all ammunition components 
and complete rounds of ammunition identification of the items 
is established by the assignment of an ammunition lot number. 
This number which is usually in the form of a code is assigned 
to a quantity of ammunition items that have been manufactured 
under conditions as nearly identical as possible and that may 
be expected to function uniformly. When an undesirable con-
dition is found such as malfunctioning of a particular com-
ponent, the existence of the ammunition lot number allows 
certain ammunition to be recalled from the field for investi-
gation. It allows the segregation and destruction of ammu-
nition which reports may show to be defective or suspect. 
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Ammunition is usually manufactured under the rules 
of an ammunition lot system which prescribes the conditions 
to be met in the formation of an ammunition lot. That is to 
say, an ammunition lot shall consist of a set minimum and 
maximum of component lots. These lots shall be the product 
of one manufacturer and shall have been assembled within a 
certain period of time. Having met all the requirements for 
assembly, a finished ammunition lot is accompanied by a set 
of data cards which contains the manufacturing history of the 
lot. It ties up the final lot number with the lot numbers of 
all the components from which the ammunition was assembled 
and loaded, together with the drawing numbers and any varia-
tion from the drawings. 
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III. The Ammunition Manufacturing Plant 
A. Purpose 
The purpose for which an ammunition plant such as 
is being discussed in this thests would justify ita existence 
is as a contracted agent of the federal government to manu-
facture certain types of ammunition for the Department of 
Defense. In this thesis we are concerning ourselves with an 
hypothetical plant which may contract to assemble three 
different types of ammunition; namely, fixed, semi-fixed and 
separate loaded ammunition. 
Contracts for the assembly of specific quantities 
and types of ammunition are awarded by submitting bids to the 
contracting department of the government in answer to requests 
for ·bids that are sent to various ammunition manufacturing 
plants throughout the country. Contracts are awarded on the 
basis of the lowest bid submitted, however, consideration must 
also be given to such factors as the nearness of the plant to 
shipping points and the strategic location of the plant as re-
gards its vulnerability to sudden enemy attack. 
This plant is equipped with manufacturing and 
assembly machinery which have been either specified by the 
contracting department of the government or which have been 
approved by that department for use in the assembly of ammu-
nition. The expense of procuring this special equipment will 
be written off over a certain period of years by pro-rating 
the cost to the units which are assembled with this equipment. 
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When the contract is awarded to the plant the speci-
fications of the ammunition include all the necessary blue-
· prints for the component parts and the completed assembly. 
The plant is also furnished with the many different gages which 
are necessary in the assembly of ammunition. 
Component parts which are to be used in the assembly 
of the ammunition such as explosives, fuzes, cartridge cases, 
etc., are also furnished by the contracting department. These 
parts are contracted for at different government plants or 
privately-owned plants and are invoiced to the assembly plant. 
The requisitioning of these component parts to the assembly 
process, constitutes an authorized expenditure of these parts 
and the balance which may be left on hand at the end of a con-
tract will be returned to the original plant from which they 
came. 
B. Organization 
A plant is operated efficiently only when the 
various executives and sub-executives are delegated definite 
responsibilities and are given authority commensurate with 
their responsibility. Each individual must have a definite 
place in the organization with definite duties and responsi-
bilities for the work of those subordinate to him. The 
organization of a company must be molded about the capabili-
ties of the individuals and still simple and flexible enough 
to meet rapidly changing conditions.* 
*17, p. 5 
26 
In order to gain an insight into the production-
planning and quality control problems at an ammunition manu-
facturing plant, the following portion of the thesis will 
deal with the organization of an hypothetical plant presented 
in Figure v. 
27 
l STOCK 1-tOl.OERS l 
I BOARO OF DIRE"C,.0~5 J 
J Pt?t:s, DG"N r - , 
I I TR~AS.\JREA. J (Gt:N.I\fiANA<:.t::R -, I StCRETARy _, 
r f 
' 
,4'-CT&. e' O~FIC.t;;" 
DIVISION 
' 
. f.::NC,t N EERt t-~<:r Dl\1,, I lND. Rtli~TIONS J 
DIV, 
lwoHk.S MA~'"-G-ER. I 
I 1 I 
'Pf~OO. c• PLANNINQ-1 
OIVo 
IMAINT. ~POWER. 
o•v, 
I QUALITY CONTI~OL 
DIV, I 
I FACTORY SUPT. ' 
I 1 I I 
EXPLOSIVt: CASt & TA.t..&K PROvECTI Lc;' RECEIVIN4 
POWOE~ S PREPAR.A,.tON FILLI NQ- SH lA e- STQRA(l E 
S fi'CTION PlANT PLANT PLANT 
Fig. V - Organization Chart of Ammunition Manufacturing 
Plant 
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As can readily be seen the organization of this 
plant is that of a typical line and staff structure in the 
corporate type business. While this type of organization 
has some inherent disadvantages such as the lack of a clear 
cut separation between line and staff duties and responsibili-
ties, and the friction that often arises between the line 
supervisors and staff members, it is felt that the advantages 
far exceed the disadvantages. 
The manufacture of ammunition is a specialized field 
and thus requires a great deal of specialization in its organ-
ization. It is also important that the benefit of this 
specialization be passed down to the operating level by as 
direct a line as possible without allowing each staff function 
to become a functional authority in itself. Coordination of 
the operating plants must be handled by a central authority, 
namely, the factory superintendent who in turn receives the 
benefit of staff level planning. 
c. Divisions under the General Manager 
Observing the organization chart shown in Figure V 
the general manager who is the highest functional executive 
in the plant has immediately below him the following three 
divisions: 
(1} Accounting and Office Division 
(2} Engineering Division 
(3} Industrial Relations Division 
29 
The Accounting md Office Division is responsible 
for the upkeep of administrative services such as handling 
incoming and outgoing mail, filing and information. The 
Accounting section handles bookkeeping, insurance of 811 
types and preparation of financial reports for the treasurer. 
The accounting section also prepares the plant payroll, 
determines md maintains unit cost, compiles cost reports 
and cost analyses. 
The Engineering Division advises the general manager 
as to the capabilities of the plant facilities. It prepares 
standards and specifications for the assembly of all types of 
ammunition and furnishes data which may bear on the design of 
the product. This division renders technical advice to the 
general manager during the negotiations of contracts for the 
assembly of various types of ~unition. 
The Industrial Relations Division handles all 
matters concerning the hiring, training, promotion . and firing 
of all employees. It has a service section which promotes 
the welfare of the employees by providing for rest rooms, 
cafeteria service,physical exams, and recreational activities. 
P~ important section of this division is the one which is res-
ponsible for the safety of all workers. This section provides 
all safety devices which are needed, fosters a safety training 
program, conducts continuous inspection of all work sites and 
processes for the elimination of all safety hazards. This 
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section works very closely with the factory superintendent in 
order to insure implementation of the safety program at the 
level for which it is mainly intended. 
D. Divisions Under the Works Manager 
Passing along down to the works manager we arrive 
at the operating staff level which consists of the following 
three divisions: 
(1) Production-Planning Division 
(2) Quality Control Division 
(3) Maintenance and Power Division 
The Production-Planning Division is responsible for 
planning and implementing its overall planned workload by the 
preparation, routing, scheduling end dispatching of all job 
orders. It provides for and maintains a tool and gage store-
room. This division has a section which maintains stores of 
expendable material such as paints and greases; it also is 
responsible for stocks of components for assembly and 
finished parts. It maintains material control and provides 
for the short and long run needs of production. Another sec-
tion conducts the analysis of operations end prepares standard 
operating procedures based upon the elements of work simpli-
fication and time studies. 
The Quality Control Division is responsible for 
maintaining the quality of the product, improving the quality 
where possible and reducing the amount of below-quality pro-
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ducts or scrap. This division conducts a sample inspection 
of all incoming components or material which are scheduled for 
production. This section will provide for suitable process 
controls in order to maintain quality throughout manufacture 
so as to decrease the amount of final acceptance inspection 
which is conducted at the end of the production line. This 
division is· also responsible for the conducting of certain 
prescribed destructive tests which will insure the functioning 
ability of the end product. 
The Maintenance and Power Division is responsible 
for the maintenance of the plant and grounds, all machinery 
and equipment, and the maintenance and operation of trans-
portation equipment such as trucks, fork lifts and .various 
types of special handling equipment. The power secticn is res-
ponsible for providing adequate heating and lighting for the 
operating houses of the ammunition plant. 
E. The Factory Superintendent 
The factory superintendent is responsible for the 
implementation of production orders which are received from 
the Production-Planning Division. He is responsible for the 
proper operation of the several operating plants which com-
prise the entire production facility. Foremen in charge of 
each of the operating plants are under the direct supervision 
of the factory superintendent. His main function is to coor-
dinate the work from the storage house to and between the 
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various production plants so as to maintain optimum production 
as long as possibU, and to meet productiom schedules which are 
in the contractual agreements. 
F. Interrelation of Divisions 
Unlike most industries there is a factor in the 
munitions industry which contributes strongly towards a very 
close relationship of practically all of the divisions of the 
ammunition manufacturing plant. That factor is safety. The 
Safety Section is a staff function which is performed under 
the Industrial Relations Division and is therefore responsible 
to the General Manager. Policies and instructions on safety 
must then be passed down to the Works Manager for guidance to 
the Production-Planning Division. The planning of workload 
for the various production houses is very closely governed by 
the amount of explosives which may be allowed at one work 
location and .the necessary safety precautions that have to be 
observed in the performance of certain operations. Obviously 
the rates of production and the cost of certain phases of the 
production cycle will depend upon the pollcies formulated by 
the Safety Section. 
In the supply of heat md power to the various pro-
duction houses the Maintenance and Power Division must be 
thoroughly familiar with the safety aspects of these functions. 
The repair and maintenance of production equipment must take 
into consideration the fact that explosive material is being 
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handled by these mach.ines and that the care of them is signi-
ficantly different than the ordinary maintenance problem. 
Safety policies and instructions which are prepared 
by the Safety Section are also disseminated to the production 
houses by the Factory Superintendent. These instructions will 
govern such items as the type of safety clothes which must be 
worn by certain classes of workers, types of safety guards for 
machines, types of safety features that have to be incorporated 
into certain tools and safety factors which are inherent in 
certain processes that are being used. 
We have seen then that the factor of safety enters 
into almost all phases of ammunition production. It is im-
portant that the divisions involved be flexible and adaptable 
enough to work together yet remain separate entities in the 
organization. Similarly this attitude must be present in the 
relationship between the Quality Control Idvision md the pro-
duction houses which are under the supervision of the Factory 
SUperintendent. 
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IV. The Production-Planning Department 
A. Importance of Production-Planning 
Production control might very well be compared to 
the circulatory system of the human body. Just as in the 
body the heart sets the tempo of the blood stream, so too the 
production manager furnishes the impetus to the production 
control system, the blood stream of modern history. Just as 
the man is limited by the strength or weakness of his heart 
and blood stream so too is plant efficiency limited by the 
strength or weakness of the production manager and the pre-
vailing production planning and control system, all of which 
leads to the primary requisite for efficient production con-
trol: management support.* 
Production-planning and control at the ammunition 
manufacturing plant is by far the most important staff 
function. It is one of the basic requisites of good manage-
ment. As ' quoted above, it is the heart of the management organ-
ization and its strength and effectiveness determines the over-
all efficiency of the industrial unit. 
Scientific production-planning is a relatively new 
concept in the field of industrial management and really began 
to come into its own in the early 1900's with contributions 
from Messrs. F. w. Taylor and H. L. Gannt. The former, as the 
father of scientific management and the latter, as the inventor 
of the well-known Gannt charts, furnished the techniques and 
·:f-11, p. 5 
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ideas which were used to collect and group certain important 
and necessary functions into the phase of management which 
is known as production-planning. 
rrior to the 1900's and perhaps even today at a few 
plants, the functions of production-planning were carried out 
by the foreman of the plant. Along with his other misplaced 
duties of hiring and firing employees, he carried out such 
tasks as planning work load, routing and scheduling work to 
the different shops and a number of other duties which must 
have left little, if no time to devote to his primary function, 
namely, supervision of production in the field. With the ad-
vent of the techniques of scientific management resulting in 
the staff function known as production-planning, the importance 
of this function has been adequately demonstrated in many ways. 
Good production-planning has relieved the foreman 
of much clerical and detail work. It has relieved him of stock 
chasing and of unrelated personnel problems. It has instead, 
restored the foreman to his rightful position of being res-
ponsible for the supervision of production and quality, thus 
becoming the leader of his men and the inspiration for his men 
to do a good job. 
Good production-planning furnishes the foreman and 
the production department with the schedules of work to be 
performed. It assures uninterrupted production by the order 
and control of all stocks of required material. It furnishes 
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instructions for the methods to be used and the flow of work. 
It furnishes management with the assurance that scheduled 
work can and will be performed at the lowest cost. 
Production-planning has, in no small measure, con-
tributed to the successful development and operation of the 
mass production industries during the past fifty years. The 
multitude of details which has to be planned for before the 
start of production lines has indeed required the efforts of 
an entirely separate function to accomplish. Long before pro-
duction lines can be started plans for the entire job have to 
be put into effect. Instructions covering the methods to be 
employed must be prepared and disseminated. Requisitions for 
the materials to be introduced into the lines must be initiated 
and followed up. Quantities of work to be performed and the 
locations of same must be determined and schedules containing 
this information must be prepared. In view of the ~mportant 
functions which are performed by the production-planning de-
partment there is no doubt that it has become an integral 
part of the manufacturing plant of today. 
B. Definitions 
The following definitions of certain words and ter-
minology as they are particularly applicable to the field of 
production-planning are included in this thesis for the pur-
pose of better understanding their use in the forth coming 
matter. 
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Routing - The function of routing is intimately associated 
with product analysis, the tools used, and the sub-
sequent planning for the product in the shop. 
Routing includes the assignment of a definite sequence 
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of operations, the selection of the proper machines or 
production centers with adequate tools specified and 
sometimes the specification of t he proper personnel 
to do the work. The net effect of these decisions is 
to determine the shortest and most economical path 
that each part is to follow from the time it arrives 
as raw material until it leaves as finished product.* 
Scheduling - Scheduling has been defined as the process of 
fitting jobs into a logical time table·** It is the 
determination of the relative time at which each 
operation or event in connection with manufacturing 
is to occur. 
Dispatching - The act of authorizing the workman to perform 
the work according to the method outlined, using 
prescribed tools and prints at a predetermined 
standard, and according to the schedule rate•*** 
*10, 
**10, 
***11, 
p. 206 
p. 453 
p. 53 
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c. Organization 
The Production-Planning Division at the ammuni-
tion manufacturing plant consists of six sections which 
are assigned separate and definite functions to perform. 
These sec tions are shown on the organization chart shown 
as Figure VI. 
PRODOC.TIOW- PLAHNIN4 OlV ., 
DI.SPf\TC.H IN G 
jFouow- uP r 
Fig. VI - Organization of the Production-Planning Division 
D. The Inventory . Control Section 
The Inventory Control Section performs functions 
which are considered to be an integral part of production 
scheduling ~d control and is theref ore coordinated with the 
other functions of the Production-Plar..nin.g Department. The 
basi s for control ling the inventory of arr~unition components 
is found in ascertaining the volume of components which will 
be nece ssary for the accomplishment of specific contracts 
which have been entered into. This information is obtained 
from the long range master schedules that are prepared show-
ing the overall picture of all contracts on hand. Planning 
schedules show the date that each contract shall begin, the 
approximate daily production rate and the anticipated com-
pletion date. The Engineering Division fllrnishes this 
divi s ion with a list of components which are necessary for 
t he assembly of specific types of ammunit i on. By combining 
information from these sources, the Invent ory Control Section 
is abl e to determine the actual number of specific components 
that are going to be needed during any given time period. 
Inventory Control is also closely related to plant 
layout and material handling problems. In addition to the 
quantity of explosive powder or other ammunition components 
which are needed for a specific job, a great deal of consider-
ation must be given to the available storage space on hand 
for the storage of these components. Since safety precautions 
dictate that base detonating fuzes must be stored separate 
from tracers or primers because of the difference in explosive 
hazard , only limited space is available for the various types 
of ammunition components. Unlike most industries which can 
stor e almost all their component units t ogether, t he ammunition 
plant is faced with the problem of storing cornponents in widely 
scattered storage houses of limited capacities. It therefore 
becomes a necessary and important fuction to determine as 
close a s possible the minimum quantity whic!1 can be ordered 
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and stored without jeopardizing production schedules and also 
allowing space for storage of other components which are com-
patable with those in question. The Inventory Control 
Section must also consider the quantities of components to be 
issued at any one time and consult with the material handling 
g~oup to determine the moat efficient load of components to be 
delivered to the production houses. This naturally aids in 
keeping material handling costs at a minimum. 
E. The Routing Section 
The Routing Section is a vital part of the Pro-
duction-Planning Division because it determines how the ammu-
nition shall be assembled and how long it shall take to 
perform each operation necessary to turn out the finished 
round of ammunition. Routing is the basic step that is accom-
plished before any scheduling, dispatching, or actual 
production can begin. 
Routing in the ammunition manufacturing plant is a 
continuous operation that is always being corrected and per-
fected. It consists of studying each type of ammunition that 
can be assembled at the plant and establishing a step by step 
plan for its assembly. It considers the various methods and 
decides which is the best one. It determines if any special 
equipment is necessary and analyzes available machinery and 
equipment for its possible uses. The routing indicates the 
sequence of operations and establishes the speed at which the 
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operations shall be performed. 
In the assembly of ammtmition the routing function 
must take into consideration such factors as ammunition 
sensitivity and annnunition handllng which are necessary to 
observe at all times and which h~ilve, therefore, a definite 
effect on the rate ·of production .. When installing certain 
components, such as mechanical tlme fuzes into projectiles 
or cartbidges, the speed of rotation of the fuze must be kept 
down t o a low rpm in order to avoid arming of the fuze by ro-
tation. The speed of conveyor p:roduction lines must be kept 
below what otherwise might be considered an efficient speed 
in order to avoid the possibility of explosion by the 
accidental dropping of a round of ammunition from the conveyor 
line. 
As shown on the organization chart of the Production-
Planning Division, Figure VI, the scheduling, dispatching and 
follow-up sections of this depar·tment are in a line and 
connected to one another. In the manufacture of ammunition 
these functions are necessarily closely related and overlapping 
in some instances. 
F. ~Scheduling Section 
The scheduling section is the heart of the produc-
tion control function in that it continuously aims to schedule 
the work in all the production houses so as to produce 
completed ammunition in the proper quantity, of the proper 
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quality, and at the required deltvery date. Basically, 
scheduling is done from routing E~heets furnished from the 
routing section and the master sc:hedule of all on hand con-
tracts. The . standard times are taken off routing sheets and 
are integrated with contract work by the priority of their 
date of completion. Accurate and proper scheduling assures 
control of the product as it goea through the various pro-
duction ho_uses, and when more than one production house is 
in the work cycle it coordinates the output of each house so 
that there will be no idle time :ln complet ing the entire work 
cycle. A case in example is sho1rm in the next paragraph. 
In the manufactu re of :a complete round of fixed 
ammunition as shown in Figure II, the work cycle is as follows. 
Production house "A" will be scheduled to load a given 
quantity of projectiles with explosive "D" each day. In addi-
tion to loading, the base fuze and nose fuze will have to be 
installed. This requires drilling explosive "D" out of the 
base and nose of the projectile so that the fuzes may be 
screwed in. The final operation each day is painting and 
marking of the projectile and final acceptance gaging of the 
projectile for conformance with acceptable quality limits. 
Production house "B" will be scheduled to receive projectiles 
from production house "A" for assembling i n to the cartridge 
case. Thi s operation is carried out in the following steps. 
At one end of the house, the pri.mer is screwed into the baBe 
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of the case. The case is then put on a conveyor belt and 
carried past a chute where the smokeless powder is received, 
weighed and poured into the case. The filled case is 
carried further along the line where the distance piece and 
wad are inserted to keep the powder tightly in place. Tlie 
filled case then reaches the end of the conveyor belt where 
it is removed and put into the afJsembly machine. At this 
point the projectil.e is fitted into the mouth of the case 
and pressed into a fixed position. The oomplete round is 
then marked and put through the final acceptance gage before 
it is finally moved into the last room where it is either 
boxed or tanked whichever is called for by the order. 
In the work cycle shoMl above it is necessary for 
the scheduling section to assign the workload into production 
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house "A" consistent with the ab:i.lity of production house "B" 
to receive and use the output of "A" without incurring an ex-
cess of projectiles and thus another handling of them. The 
scheduling section must adequately indicate to the storage 
houses the daily needs of the production house for such com-
ponents as empty projectiles, fuzes, primers, explosive "D" 
and smokeless powder. In connection with the scheduling of 
components into the necessary production houses, it must be 
borne in mind that this means the scheduling of specific 
lots of all components for assembly into predetermined lots 
of ammunition as required by the ammunition lot system. It 
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will be recalled that strict adhe:rence to this system which 
governs the assembly of lot quantities of ammunition is re-
quired so that the description and complete history of each 
lot will be available on data car•ds which accompany each lot 
of ammunition. 
G. The Dispatching Section 
Immediately following the scheduling function is 
the dispatching section which be€;ins the actual manufacture 
of the ammunition by giving the ELuthority to the factory 
superintendent to begin. manufacttLre over the predetermined 
routing and at the scheduled timet. The di.spatching function, 
by the release of job orders, aut;horizes the movement of 
' 
ammunition components from storage to the production houses, 
the issuance of tools which are necessary for the work to be 
performed, authorizes the beginn:tng of ope•rations in accor-
dance with dates and times previously plarmed and informs the 
Quality Control Division of the :tnitiation of the work. 
In the case cited abovE~ covering the assembly · of a 
quantity of fixed ammunition, the dispatching of job orders, 
material lists and move orders to . the field accomplishes the 
following activities. The super,rision of production houses 
"A" and "B" will draw the requir(~d tools for the job. Stlore-
men in charge of storage houses will segregate the component 
lots which they are responsible for and have them ready for 
transportation to the production houses. The production 
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house supervisor will commence PI"oduction at the prescribed 
rates and the quality control people will have studied the 
production process and assigned process controls and final 
acceptance procedures to the production job. 
H. The Follow-Up Section 
Closely related to the scheduling and dispatching 
sections is the follow-up section which checks and measures 
the effect! veness of the previoUEI production control 
functions. Although this section appears to duplicate or 
overlap into other functions, it makes definite contributions 
to the production effort by chec~ring and exped1 ting those 
parts of the complete production planning cycle which may 
have fallen behind schedule. It may ascertain that the re-
ceipt of incoming components is not quite up to the desired 
level and will bring this to the attention of the inventory 
control section. It may observe that the production rate of 
a certain process has improved w:Lthout being relayed to the 
routing and scheduling sections for incorporation in their 
working data. 
In a sense, the .follow·-up section may be termed as 
"trouble chasers" or "stock chas~:lrs." The tracking down of 
material shortages is best handlj3d by someone who is exper-
ienced in this function rather than someone who has other 
primary duties. Similarly the ft:>llow-up section specializes 
in comparing routing time to actual time and whether jobs in 
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the various production plants are progressing as . scheduled 
and as dispatched. In both instances variations and correc-
tiona will be brought to the attention of the originating 
section for study and corrective measures. 
In the case mentioned before resarding the assembly 
of a quantity of fixed ammunition, the follow-up section 
might very well contribute to the efficiency of the entire job 
by ascertaining and reporting such potential bottlenecks or 
shortcomings as listed below. 
(1) If the output of finished projectiles from production 
house "A" happened to be higher than previously 
planned because of the superior quality of projectiles 
presently being handled, the follow-up section would 
investigate the possibility of increasing the ability 
of production house "B" to assemble these additional 
projectiles which would be over and above the pre-
scheduled quantity. The results would then be 
reported to the routing and scheduling sections for 
incorporation in their procedures. Over a long run 
of production, an improvement such as this could 
result in fairly high savings. 
(2) The follow-up section constantly checks the rate of 
incoming components and in this manner may ascertain 
whether components are stockpiling over the needs of 
the plant or whether the rate of incoming components 
is decreasing slowly bn surely, to the point where 
it might cause a slow-down or stoppage of production. 
In either case, the condition would be reported at 
the earliest possible moment to the inventory control 
section for corrective action. 
(3) The follow-up section has the important function of 
periodically checking the status of components or 
finished rounds of ammunition which have for reasons 
of malfunctioning been reported by the using activity 
to the Department of Defense which in turn has issued 
instructions to hold such material in abeyance. The 
follow-up section would further check on the action 
taken to adequately separate the paterial in question 
from serviceable stocks and whether or not a follow-
up report had been forwarded to the Department of 
Defense. 
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I. The Cost Control Section 
The cost control section of the Production-Planning 
Division is responsible for the development of unit cost 
figures of all types of ammunition which are assembled at the 
ammunition manufacturing plant. On the basis of past and 
current cost information which is compiled and correlated by 
this section ·and after the application of a standard charge 
for overhead, estimates for new contracts are submitted to 
the works manager for further transmittal to the general 
manager. 
This section prepares estimates for each production 
job that is assigned to the field and compares these with 
actual costs. It analyzes differences in cost for the purpose 
of uncovering high cost areas of production and reports same 
to the works manager for further study and investigation by 
t he engineering division. 
The cost control section is responsible for main-
taining the daily time records of all employees which are 
assigned to the various production houses.. This information 
is furnished daily to the accounting division for use in pre-
paring the payroll. Unit cost information and cost analyses 
are also forwarded to this division for inclusion in plant-
wide cost studies and reports which are prepared by the 
accounting division. 
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J. Overall Planning 
One of the main runctions of the Production-Planning 
Division is to prepare and maintain an up-to-date master 
schedule of the entire workload at the ammunition plant. 
This schedule shows jobs which are in process, jobs which are 
scheduled to go into production and contracts for which bids 
have been submitted. In addition to the above information the 
periods of time over which these jobs ·are spread are indicated 
for each on-hand job and are estimated for anticipated jobs. 
Figure VII on the next page is a sample of a typical master 
schedule for an ammunition manufacturing plant. 
To the works manager and to the general manager 
the master schedule constitutes a basis for the analysis of 
plant out-put as compared to plant capacity. It points out 
those production facilities which may be idle at certain 
times, thus highlighting areas of production for which con-
tract work is desirable. It may also indicate to management 
the need for additional plant capacity and form the basis for 
a program of plant expansion. It enables top management to 
forecast and predict the approximate labor force which will 
be required. 
Overall planning then, is a continuous process 
which is undertaken by the general manager to plan for and 
obtain sufficient contracts for the preparation of enough 
types and quantities of' ammunition to assure full utilization 
of all the productive factors that the plru~t has to offer. 
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The Ammunition Manufacturing Plant 
MASTER SCHEDULE 
of 
Production Contracts 
1 Contract Material Qty. 
X2234-55 
X8641-55 
XlX27-55 
X9216-55 
X9217-55 
X2341-55 
Xl344-55 
X3933-55 
X3629-55 
X3630-55 
X4614-55 
3" AA Projs. 120,000 
3" AA Ctgs. 120,000 
3" Tgt. Proj s. 50,000 
3" Tgt. Ctgs. 50,000 
Type "A" Projs. 
5" Ser. Pro j s. 
5" Ser. Projs. 
5 11 Ser. Projs. 
8" AA Proj s. 
8 11 AA Projs. 
8" AA Projs • 
Experimental 6 " 
Ctgs. 
5" Ser. Ctgs. 
5" Ser. Ctgs. 
5" Ser. Ctgs. 
80, 000 
40 ,000 
60,000 
60, 000 
20, 000 
20,000 
20 , 000 
5, 000 
150,000 
100,000 
150.,000 
5" Trng. Ctgs . I 75,000 II I 
~1 5" Trng. Ctgs. 75, 000 
~ 
1 Jan. 1954 
~·<• PjATh o ~+rli'Acr _ 
Fig. VII- Master Schedule for an Ammunition Manufacturing Plant 
~ 
~~~·. 
CTI 
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In this connection we have to assume that the Department of 
Defense has a continuing demand for all types of ammunition 
as opposed to the huge quantities of ammunition that are 
needed during wartime and the negative demand which would 
exist during e. period of disarmament. In the former case it 
is very likely that ~unition plants would be taken over by 
the government for the production of only certain strategic 
types of ammunition with less emphasis on maximum utilization 
of all types of equipment, the aim being to produce first 
those types of ammunition that are prescribed by the defense 
heads. In the latter case, during a period of disarmament, 
the ammunition plant would have to reduce to a bare minimum 
and probably come to some agreement with the government to 
subsidize operations as a means of insuring reserve facilities 
should the need arise at some future date. 
Assuming a continuing demand for ammunition of all 
types, the management of the ammunition plant would not only 
seek contracts for the utilization of all productive factors 
but also for the possibility of justifying some plant ex-
pansion either on a temporary or permanent basis. Knowing 
the types of ammunition which the plant is best suited to pro-
duce, the overall plan would include a priority of jobs that 
are desired and seek to contract on that basis. This would 
of course contribute towards the maintenance of a uniform 
labor force and a perhaps decreased turn-over of employees 
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both of which are highly desirable from the point of view of 
management. 
It is granted that the above paragraphs concerning 
overall planning are replete with grandiose assumptions which 
are highly desirable to work with when considering an hypo-
thetical ammunition plant. These plans then, constitute the 
ultimate of managements aims and rightly so, since all aims 
should be levelled at the highest achievements. However, it 
would be very unrealistic to go on from here without pointing 
out that overall plans are seldom realized as they are pro-
posed. There are too many unknowns and variables to interfere 
with these plans and to cause departures from them, thus we 
are compelled to seek and be satisfied with the next best or 
suitable plan to abide by. The important thing nevertheless, 
is still to have that plan and to do everything towards 
gaining those goals whenever we start in to do anything. 
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K. Planning for Production 
The master schedule which was noted in the fore-
going section is the basic instrument for analyzing and 
planning for production on a predetermined basis far before 
any of the jobs are begun. It can of course be used and it 
is used also while jobs are in process. 
Having received the list of materials that are · 
needed for various types of jobs from the Engineering 
Division, the Inventory Control Section will keep the Works 
Manager informed of the status of all materials that are 
needed to implement the various contracts that are on the 
master schedule. This section will initiate and follow-up 
all requisitions that are prepared to obtain necessary 
materials. This work will be accomplished as soon as the 
master schedule is available and as stated above, consider-
ably before the job is begun. 
The planning period includes also the study of 
methods and processes to be used, conducted by the Engineering 
Division and the submission of same to the Routing Section for 
inclusion in its job orders. On the basis of information 
received from the Inventory Control Section the Storage Section 
may move certmn ammttnition components in order to consolidate 
and make more room for incoming material or at least make plans 
to accomplish these moves as soon as required. 
On the basis of the routing portion of the job order 
it is possible and is necessary to provide for the presence or 
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procurement of certain tools and gages that will be re-
quired for the job. 
The final portion of the planning period is marked 
by fitting these jobs into the schedule of the various pro-
duction houses according to the availability of the houses 
and the work cycle of the particular jobs that are in the 
plan. 
The planning period for jobs in the ammunition manu-
facturing plant is one in which a great deal of time and labor 
can be saved by foreseeing and avoiding the many pitfalls of 
a poorly planneq production run. TO some employers time spent 
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in planning seems costly and unnecessary and in many cases their 
desire is only to get the production lines rolling. They can 
usually get rolling easily enough but it's not much longer after-
wards that the line has to shut down because of the shortage of 
a tool or component or spare part that was not planned for. 
Efficient operation of an ammunition manufacturing 
plant which is likely to have a number of long-run production 
jobs requires that production schedules be maintained as 
planned and that delivery dates be met. To. this end the 
planning function is considered to be the most important phase 
of the staff element and merits the personnel and organization 
to efficiently operate it. 
L. The Job Order and the Routing Sheet 
The job order, and the basic information which is 
furnished both on it and with it, is the authoritative order 
whereby work which has been assigned to the production houses 
will begin. The job order, as shown below, contains general 
info:nnation which is necess.ary to identify the work to be 
done, when it is to be done, and how it is to be reported. 
The Ammunition Manufacturing Plant 
Job Order No. 329B22 
Date Jun 6 I 54 
Contract: u.s.nef.Dept. Xl234-55 
Material: 8" Anti-Aircraft Projs., Mk 30 
Operation: Load and fuze 
Quantity: 20,000 
Bldg: Production Plant "C" 
Starting Date: 1 July 19 54 
Completion Date: 10 Sept. 1954 
Work Days: 50 
Daily Prod. Rate: 400 projs. 
Final Storage Bldgc Magazine 101 
Authorized by 
~w~o~r~k~s~M~an~a~g~e~r~------
Prepared by 
"'l!!P~r-o-.d:-.-.:P~l-a-n-.--.D~i.-v-i.-s-1.-o-n---
Fig. VIII - Job Order for Assembling Ammunition 
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Along w1 th job is furnished all the necessary 
blue prints and drawings. These contain detailed assembly 
drawings of the complete round of ammunition. They contain 
drawings of sub-assemblies which have to be assembled 
before being installed into the projectile, such as the aux-
iliary detonating ruze and adapter assembly. These drawings 
show the required density of the explosive _powder that is 
being used, depth of cavities and tolerances allowed. 
Included also is the type snd color of paint to be used on 
the projectile and finally the overall weight of the complete 
assembly. 
The Routing Sheet which has been prepared covering 
the assembly of 8" Anti-Aircraft projectiles, Mk 30 for 
Production Plant "C" is furnished with the job order. The 
routing sheet, as shown in Figures IX and X, contains in-
formation concerning the operations to be :followed and the 
amount of time allowed for each operation. 
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The Ammunition Manufacturing Plant 
ROUTING SHEET 
page 1 of 4 
Type of l fork: Load and fuze 8" AA Proj s. Mk 30 
Bldg: Production Plant "c" 
Daily Prod. Rate: 400 projs. 
Operations 
1. Unpalletize projs. 
2. Degrease projs. 
3. Spray cavity 
Drying time 
4. Weigh empty proj. 
5. Weigh and add pwdr 
(increment No. 1) 
6. Press incr. No. 1 
7. ~eigh and add pwdr 
(increment No. 2) 
8. Press incr. No. 2 
9. Weigh and add pwdr 
(increment No. 3) 
Machine 
Degr. No. 1 
Degr. No. 2 
Sprayer-
ABCO. 
Standard 
Scale 
Hydr.Presa 
#452Al 
Hydr.Press 
#452A1 
Hydr.Press 
#452Al 
Time Allowance 
30 minutes 
3 minutes 
per proj 
1 min. per 
proj. 
2 mins. per 
proj. 
1 min. per 
proj. 
1 min. per 
proj. 
2 min. per 
proj. 
1 min. per 
proj. 
2 min. per 
proj. 
1 min. per 
proj. 
2 min.per 
proj. 
min. per 
proj. 
Fig. IX - Routing Sheet for Assembly Job (page 1) 
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The Ammunition Manufacturing Plant 
ROUTING SHEET 
0Eerations 
35. Paint projectile 
bourrelet 
Drying time 
36. Inspect marking 
37. Palletize projs. 
Personnel authorized 
Supervisors - 1 
Asst. Supvr - 2 
Ord. Wkrs. - 28 
-Total 31 
page 4 of 4 
Machine Time Allowance 
Paint Spray 1.5 min. per 
Booth No. 1 proj. 
5 min. per 
proj. 
• 5 min. per 
proj. 
Metal pallets 5 min. per 
pallet of 
25 projs. 
Total Time Allowance 
5.5hrs work operations 
1.5 hrs lunch & rest 
1 hr incoming and 
outgoing loading 
Estimated Cost Direct Labor: $335.00 
$ 39.00 Estimated Mat'l Cost: 
Signed:~~~~~--~~~---­Prod. Plan. SUpvr. 
Fig. X - Routing Sheet for Assembly Job (page 4) 
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It should be noted that the routing sheet is the 
predetermined sequence of operations and as such does not 
allow for such contingencies as extraordinary idle time due 
to lack of components or to breakdown of machines. It does 
provide for idle time due to minor adjustments to machinery, 
idle time due to human element and error, and necessary time 
for safety and instructional training. 
The means whereby the routing time is compared with 
actual time and whereby the time of each worker is recorded 
for payroll and unit cost purposes is the Daily Time and 
Progress Sheet. This Sheet is filled out and submitted by 
the supervisor of each production house at the end of each 
work day. He records the job order number, the names of the 
people present in his house and the number of hours each 
worker has worked. He reports also the amount of completed 
rounds of ammunition that were produced. 
It is from the Daily Time and Progress Sheet that 
the Cos t Control Section is able to compute the daily unit 
cost of ammunition which is assembled at the various pro-
duction houses. These figures are furnished to the works 
Manager for comment, to the factory superintendent as 
necessary and also for further transfer to the Accounting 
!dvision for incorporation in their records. 
The last and necessary form which has to accompany 
the job order to the production house is the bill of m~ erial 
which is referred to, in the ammunition manufacturing plant, 
as the "Lot Assignment Sheet". As mentioned before, the rules 
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of the ammunition lot system prescribe that a fini shed lot of 
ammunition Shall be completely identifiable as regards the 
detail of its content. The lot assignment sheet is the means 
whereby t he identifying lot number of a group of projectiles 
is assigned and the exact description of the components to be 
used is listed. The following form is a typical lot assign-
ment she e t for the 8" AAC projectiles which are being dis-
cussed. It is followed by the ammunition data card which 
accompanie s the ammunition after it is assembled. 
The Ammunition Manufacturing Plant 
:OOT ASSIGNMENT SHEET 
Job Order: 329B22 
Lot Size: 1,000 
6 June 1954 
Lot NO. 8"AAC-AMP-l-54 
Assemble this lot using the following component lots: 
1. Empty projs Mk 30- 500 Lot 28, USS 1 51 
500 Lot 29, USS 1 51 
2. Expl. "D" .- 20,000 lbs. Lot 38, BXa 1,2,3,41 5 
DuPont Mfgr. 
3. Base Fuzes, Mk 3 - 1 1 000 Lot 10, HC 1 50 
4. Aux Det Fuzes, Mk 8A2 - 1,000 Lot 93, SC'48 
2Fl , - 800 Lot 22, TC 1 52 
200 Lot 28, TC'52 
500 Lot 2, TBC'51 
0 Lot . 3, TBC 1 51 
Fig. XI - Ammunition Lot Assignment Sheet 
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8" Anti-Aircraft Projectile 
Quantity in Lot 1, 000 
Lot 8"AAC-AMP-l- 54 
-
Assembled bz The Ammunition 
Manufacturing Plant 
Date of As s embly June 1954 
Authority Contract U.~.Def . 
Dept. Xl234- 55 
* * -----~-----~----------------------
Pr oj. 
Mk. 30 
Mfgr USS 
Date 1951 
Lot 
28 
29 
Base Fuze 
Mk. 3 
Mfgr HC 
Date 1950 
Lot 
10 
Aux. :oet. 
Mk. 8A2 
Mfgr SC 
Date 1948 
Lot 
93 
Time Fuze 
:Mk . 2Fl 
Mfgr TC 
Date 1952 
Lot 
22 
28 
Tracer Burster 
Mk. 14 "D" 
Mfgr TBC :Dens:lty 
Date 1951 1.0 
Lot DuPont 
2 -Lot 
3 38 4 
----- ·------ ~---- -·---- ·- _,---- -·-----Remarks: 
Fig . XII - Ammunition Data Card 
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The following flow chart shows t he desti nation 
and flow of the j ob order, blueprints, routing sheet and 
lot a ss ignment sheets after they are dispatched f r om the 
Produc ti on-Planning Division: 
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STORAC.,.E 
SEC.TIO"f 
Fig. XIII - Flow Chart of Job Order and Attached Material 
Again, the fl ow chart shown above applies only 
to the 8"AAC projectile job order which we have been dis-
cuseing and is not meant to be standard for all types of 
jobs s ince the flow will vary depending upon the number of 
production houses involved and the particular type of 
ammunition being assembled. 
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A copy of all job orders is always sent to the 
Safety Section so that they will be informed of what jobs 
are approaching and will take action to check on safety 
factors inherent in the particular job. 
Three copies of the job order are sent to the Works 
Manager for his final checking. He retains one and f .orwards 
two to the Factory Superintendent who forwards one to the 
production house. Blueprints and Routing Sheets will be sent 
directly to the Factory Superintendent since they will have 
been previously checked by the Works Manager at the time of 
their preparation and may by-pass him at this time. 
The Routing Sheet is forwarded to the Factory Super-
intendent for his final checking and for inclusion with the 
blueprints and job order when he releases it to production 
house "C". Production house "C" will have been forewarned by 
receiving an advance copy of the routing sheet so that he can 
plan for the forthcoming job. He will also receive advance 
copies of the lot assig~ment sheets which have already been 
dispatched to the storage section, thus when requests for com-
ponents are made both the production homse and the storage 
section will have been forewarned of the order for which they 
are desired. 
After the job has been started the dispatching 
section continues to play an important part in the continuous 
flow of information and instructions to the field by the 
swift delivery of newly issued lot assignment sheets. This 
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function is an ever present one since lot assignment sheets 
can generally not be issued more than three or four weeks in 
advance due to the fact that one or more components are 
usually in short supply and the issue of sheets may be held 
up because of that. In the preparation of lot assignment 
sheets, some are deliberately held up to await the receipt 
of certain components which, while some may be in stock, it 
is advantageous to divert a truckload or carload of a known 
commodity directly into a production house, thus avoiding 
double handling of the material. While it is desirable to 
handle loads of material in this way, it is also necessary 
for the planning division to ascertain pertinent information 
such as lot numbers, manufacturer and date of the component 
for inclusion in the lot assignment sheet. 
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M. Production Control 
We have seen that the production-planning function 
at an ammunition plant includes such individual operations as 
preparation of job routing, prepration of job orders, 
scheduling jobs and dispatching job to production houses. 
These are the elements that cause production operations to 
take place. Production control or production adjustment 
tak es pla ce during and after actual production performance. 
Its purpose is to assure that actual performance compares 
favorably with scheduled performance and to adjust either 
or both rates to bring them into line with one another. 
Close controls are desired on two production factors, 
namely, the quantity produced daily, and the technical correct-
n e ss of t hose quantities of ammunition that ~re produced. In 
the first instance a comparison between the daily progress 
report and the quantities shown on the job order will reveal any 
discrepancies which may exist. To be effective this information 
should be gathered daily and compared on a weekly basis so that 
daily losses in time and make-up time would have a chance to 
balance out. Should the weekly comparison reveal a more than 
average deviation away from scheduled production then inves-
tigation of the elements involved would have to take place. 
The second instance of control which is very impor-
tant in the production of ammunition is the control over the 
technical accuracy with which the ammunition is assembled. 
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This is important because it is absolutely necesss.ry to be 
a ssured tha t the components which are specified on assembly 
lot sheets shall in fact be assembled into the end round of 
ammunition which has been so designated by its assigned 
ammunition lot number. It is also ~ecessa.ry to assure that 
the ammunition is assembled with certain prescribed components 
and none other so as to preclude the possibility of installing 
the wrong component into a round of ammunition thus producing 
an item which could be ex tremely dangerous to handle or use. 
Accompanied with the daily progress and time report 
is the daily production sheet which i s submitted to the Pro-
duction-Planning Division by the production house supervisor. 
The production sheet is in effect a statement report from the 
supe r vi s or which lists all pertinent information describing 
the quantity and description of components which were 
ass embled that day. Figure XIV below is a sample of the 
daily production report. 
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The Ammunition Manuf acturing Plant 
DAILY PRODUCTION SHEET 
Date: 8 June 1954 Production House "c" 
Job Order: 329B22 
400 Produced: Total produced 
to date: 1,200 
.Anmrunition Lot : 8"AAC-AMP-l-54 
Comnonen ts Used: Qum ti ty Used 
Proj. Mk 30, USS 1 51, Lot. 28 400 
Base Fuze Mk 3, HC 1 50, Lot 10 400 
Aux. Det Fuze Mk 8A2 , SC 1 48 Lot/ 400 
93 
Time Fuze Mk 2Fl, TC' 52, Lot 22 300 
Lot 28 100 
Tracer Mk 14, TBC 1 51, Lot 3 291 
Lot 4 109 
Expl. "D", D.l.Pont, Lot 38 4,000 lbs. 
Signed: Super visor 
Fig. XIV - Dai l y Production Sheet 
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N. Material Control 
The prime function of good material control is to 
provide the proper quantity of the kind of material and/or 
components as specified by product engineering, at the right 
place and according to schedule, In establishing the in-
ventory control section which is responsible for the above 
function the question arises as to where to locate this 
section. In some industries inventory control is handled by 
the purchasing department, however, in the ammunition manu-
facturing plant it is of primary importance that inventory 
control, including all its various phases, be a component 
part of the production-planning department. This is funda-
mental, since all manufacturing inventory is either directly 
or indirectly generated by scheduling a function of the pro-
duction-planning division. 
In the production of ammunition the bulk of com-
ponents which are required are government furnished and the 
inventory control function therefore requires the detennina-
tion of units needed and the initiation of requests and follow-
up to the governmental department involved. Miscellaneous 
materials such as paints, glues, greases, steel wool, etc., are 
purchased as required by the ammunition plant. 
Since the manufacture of ammunition is essentially 
a job order type industry, the inventory control function con-
sists l a rgely of reque s ting or buying materials for a specific 
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order or requisition. While the overall quantity of com-
ponents is relatively easy to ascertain from an analysis 
of the master schedule ~~d the lists of components which 
are required to assemble various types of ammunition, the 
problem of inventory control is to determine when the com-
ponents are required and the rate at which they can be 
economically handled and stored at the ammunition plant. 
As shown in the sample master schedule, orders 
for the assembly of ammunition run into five and six figures 
which means that the amount of components involved is very 
high. The storage space available to handle this material 
is of a limited nature. Because of the necessity of having 
storage houses widely separated and of limited capacities 
the inventory control problem begins to take on somewhat of 
a critical nature. 
Of course the storage problem could be solved by 
building as many storage houses as necessary to maintain 
large stocks of all components. This would hardly pe prac-
tical since the increased cost of maintenance would more 
than offset the benefits derived. The amount of storage 
houses necessary at an ammunition plant is governed by a 
figure which would represent the basic storage needs plus 
as many more as could be justified by their estimated 
marginal utility. 
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The problem then of stcring ammunition components 
can be largely solved by an intelligent application of 
realistic inventory planning and control. 
In order to control materials successfully a 
record is kept of the amount on hand at any one time. This 
record is the so-called "perpetual inventory" record, which 
gives a continuous . account of the amount of items on hand 
and soon to be on hand. Without going into the mechanics of 
the perpetual inventory system since that system is generally 
known to all, suffice to say that it furnishes a record which 
shows four quaatities of material in four categories. These 
categories are as follows: 
(1) ON HAND material actually on hand. 
( 2) RESERVED material allocated to specific 
orders or schedules. 
(3) AVAILABLE material available for future 
planning. 
(4) ON ORDER material that has been ordered 
but not yet received. 
Categories (1) and (4) tell us whether material is 
actually in store or is to be expected by a specified date. 
In either event it may be reserved for a specific order or 
schedule of work, thus becoming unavailable and transferred 
to category (2). Category (3) shows us material either on 
hand or on order, which has not been reserved for any specific 
commitment. This material is therefore free for assignment 
in future planning. 
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The Inventory Control Section as an integral part 
of the Production-Planning Division has access to all of the 
fundamental information which is necessary to exercise in-
telligent controls over the amount of material which is on 
order, amount which is available for current production 
schedules and the amount which is being expended into pro-
duction. The duties of this section are clear cut and the 
effectiveness of its overall effort will be measured as a 
function of actual production to planned and scheduled 
production. 
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o. Production Analysis 
In the manufacture of ammunition there is a 
critical interdependence between the ammunition manufacturer 
and its suppliers of ammunition components. If planned 
s chedules are to be met there is an ever present need for 
coordination of the various production factors. Production 
analysis is a graphic method which has proven very effective 
in integrating the flow of materials and components w.ith 
end-item schedules. Basically this technique sets forth 
time rela tionships between various elements in the manu-
facturin g process and points out deficiencies in the avail-
ability of materials, parts and assemblies at selected 
control points along the production line. SUch disclosures 
can then be further investigated to discover their causes 
and corrective action can be applied as appropriate. 
Applying the techniques of production analysis to 
the loading and fuzing of 20,000 - 8" Anti-Aircraft projectiles, 
which was referred to before, the following is a descriptive and 
graphic breakdown of the techniques step by step. 
Step 1. Construct the end-item contract delivery 
schedule, cumulative by weeks, and for 
comparison, the actual cumulative weekly 
deliveries up to the date of the study. 
This is shown as Figure XV on the next 
page. 
72 l 
20 
18 
16 
-lXI 
'd 
@ 14 
fll 
::s 
0 
,.q 12 
.j..) 
-
l'(j 
a> 10 
.-I 
.g 
Q) 
,.q 8 () 
fll 
t 6 
...... 
.j..) 
~ 
Qj g 4 
2 
0 
/ 
/ 
Date )f Stud 'f / 
19 Aug . / 
/ 
/ 
y / 
# / 
)chedul d / ;?' p '"oducti m 
/'l / 
/ / 
'"' / / / lA Actual Produc tion // 
/_;:;-v 
" v p 
/ 
1 Jul 8 Jul 15 Ju1 22 Ju1 29 Jul 5 Aug 12 Aug 19 Aug 26 Aug 2 ~_j)~~_Se_pt __ j 
Fig. XV - Cumulative Delivery and Production Schedule 
\ 
\ 
I 
I 
I 
....:l · 
~ 
Referring to Figure XV, it is noted that this 
job has been behind schedule since the start of production. 
It took approximately four weeks for the delivery of items 
to start cat ching up with the scheduled production. At 
this point, since we have no other information, we can 
assume that there was a shortage of components which lim-
ited the weekly production figure to about 1700 projectiles 
a week. It appears that this factor was corrected to some 
extent about 29 July. 
Step 2. Construct a schematic line diagram 
of the assembly process. This 
diagram is designed to show the 
time relationship (lead times) 
b e tween the steps of the assembly 
process and the arrival of com-
ponents for assembly. Fig. XVI 
on the following page shows the 
schematic line diagram of process 
and lead time for the 8" AAC 
assembly job. 
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It is noted that the assembly process takes one 
day an d the return to storage of the end item another day. 
Components 1 t hru 9 have been assigned lead times, on the 
basis of past experience, which indicate the number of days 
supply which is desired on hand at any time during the pro-
duc t ion period. Since one days production is 400 rounds 
than it is desired that a supply of empty projectiles be on 
hand in the sum of 4,000 projectiles (10x400}. Similarly, 
i t is desired to have at least 7,200 lbs. of explosive "D" 
on hand (400 x 2 x 9), that is the number of projectiles per 
day times the number of pounds per projectile times the 
lead time of nine days. 
Steo 3. Construct a bar chart showing the 
cumulative quantity of components 
which has been received and assembled, 
and the amount on hand as of the date 
of the study. Fig. XVII on the follow-
ing page shows the bar chart of the 
c~~ulative quantity of components 
which has been received and assembled, 
and the amount on hand for the 8" AAC 
assembly job. 
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In the above figure we. have shown the on hand 
cumulative status of all the components which are required 
for the 8" production job. Column 8 indicates that as of 
19 August, 13,800 units of ~~unition had been produced. 
Columns 1 thru 7 show therefore, a cumulative figure of com-
ponents that were used in the 13,800 units plus the amounts 
that are on hand unassembled. From information shown in 
Figure XVI we were able to obtain the number of days lead 
time for each component. Therefore, by multiplying the 
daily production figure of 400 by the lead time of each of 
the components we are able to draw in the balance line which 
is shown in figure XVII. This line indicates, for each cat-
egory of parts or each check point on the line, whether the 
actual stock status is satisfactory or deficient. 
Check points No. 9 and No. 10 for storage and 
shipments respectively are for information purposes. Check 
point No. 9 will always be the same height as check point 
No. 8 since all projectiles that have been produced are con-
sidered as having gone into storage. Check point No. 10 
represents the total number of projectiles which have been 
shipped out of the plant. The difference between the length 
of each of the colQmns shows the amount of projectiles which 
are on hand and available for shipment. 
Having applied the production analysis techniques, we 
then seek to ascertain other pertinent information from these 
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charts. Figure XV indicates that we are approximately 200 
projectiles behind scheduled production and indicates a trend 
towards coming into line with scheduled production. However, 
an inspection of figure XVII indicates that there are definite 
danger points in the stock status of material which forewarns 
of possible production slow downs and indicates the need for 
corrective action to be taken at a number of check points. 
A critical check point is No. 1 for empty pro-
jectiles, which indicates only a five day supply on hand. 
It would appear that this point may have been the basic 
reason for being behind on production, however, this could 
only be verified by an inspection of previous analyses. 
At the present time this point warrants speedy action to 
inform the proper governmental department and the consignor 
of empty projectiles to increase the supply of projectiles 
so as to approach the limits of the balance line. 
Check point No. 2 for explosive "D", appears to be 
well under control and constitutes no danger to maintaining 
production schedules ·. The same would apply to check point 
No. 4 for auxiliary detonating fuzes, however, some attention 
would have to be given to it at a future date. Check points 
No. 6 and No. 7 for tracers and tracer gaskets respectively 
require no further attention since required stocks of 
material have all been received. Apparently contractors 
had no trouble in supplying tracers which are relatively 
easy devices to manufacture and the inventory control section 
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of' the plant purchased on their own the necessary amount of' 
tracer gaskets. 
Going back to check points No. 3 and No. 5, Base 
Fuzes and Nose Fuzes respectively, we see that again as in 
check point No. 1 we are below the balance line thus high-
lighting possible trouble areas. ~~ile check point No. 3 
is slightly under the balance line it warrants close attention 
in order to see that it dro_ps no f'urther. This is also the 
case with check point No. 5 which is dangerously low thus 
requiring immediate action. At this point it may be noted 
that should check point No. 5 f'all below -scheduled production 
needs, the production line could still operate to that point 
at which time the projectiles would have a nose plug installed 
and be set a s ide to await the arrival of the other components. 
This would of course increase the unit cost by delays and 
additional handling costs but the production line could by 
this method be kept f'airly well in tact f'or a limited time 
only. 
As shown above this method of analysis and charting 
has a number of useful characteristics: 
1. It is able to discover ' potential sources 
of' trouble and delay before the production 
line breaks down. Inasmuch as causes of 
difficulty are highlighted sufficiently 
in advance of actual interruption to the 
assembly process, corrective procedures 
can be applied as preventive measures. 
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2. It is adaptable to more than one level or 
segment of production management. Charts 
may be drawn to cover the details of a sub-
assembly operation which appears to be in 
trouble. Charts may be drawn to present an 
overall picture of selected problems in the 
total production effort for the use by top 
management. 
3. It shows up certain procurement and pro-
duction imbalances in relation to each 
other thus indicating the relative urgency 
of the problems. Corrective effort may 
then be more equitably distributed. 
4. Just as shortages of materials are high-
lighted so are surpluses in purchasing, 
inventory or fabrication of certain sub-
assemblies. Where financial, physical 
plant or storage capacity is limited these 
charts will permit reallocation of effort, 
tools, funds, components, etc. 
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p. Evaluation of Methods 
From the foregoing material concerning the organ-
ization, functions and techniques of the production-planning 
division at an a....'liDlunition manufacturing plant, it should not 
be construed that these techniques are meant to be the hard 
and fixed rules of that field. Similarly, since we are not 
concerned with an evaluation of all production-planning 
tec~~iques as such, the foregoing material is not intended 
as a contribution in that direction either. 
We are concerned rather, with the evaluation of 
certain techniques of production-planning which our ex-
perience in the field of ammunition production have proven 
to be particularly adaptable to the problems encountered in 
that industry. This is not to imply that these are a cure-
all or that the source of techniques has been thoroughly 
exhausted. On the contrary, the study has more than adequately 
illuminated the fact that there is much room for improvement 
of present techniques and investigation of new approaches to 
production-planning and control techniques as they apply to 
the manufacture of ammunition. 
In the field of ammunition we are generally not 
confronted with an item which is constructed from many 
thousands of parts, but with one of which there are many 
designs and types which are constructed from a relatively 
small number of component parts. In the assembly of ammu-
nition itself we are generally not confronted with extremely 
detailed or long assembly processes. Assembly cycles may be 
completed in from one to three days. The problem of planning, 
control and production then, is one of working with an item 
which is required to conform with close tolerances, an item 
which is dangerous to handle, one which requires high stan-
dards of workmanship, one whose handling md processes are 
governed by certain safety characteristics and finally an 
i tem whose end operability must be assured to the highest 
point possible. 
The above listed factors cannot be i gnored or 
taken lightly in the production of ammunition, and some of 
the accepted primary aims of scientific planning have to be 
subordinated to the more important task of assuring the ful-
fillment of these factors. In other words we must accept the 
idea that planning for the production of units in the quick-
est manne r possible and at the lowest unit cost does not 
necessarily apply. In this field, these aims are qualifi ed 
to the ex tent that their accomplishment is consi s tent with 
or subordinate to the primary consideration of respecting 
those factors which are inherent in the munitions industry. 
The tecrilliques which have been discussed in previous 
sections are believed to be straight forward methods for 
planning and producing ammunition in an orderly fashion. 
They are to the point and free of restrictive and unnecessary 
dete.il. 'Ihe principles are not adversely effected by the 
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presence of restraining factors in the munitions industry 
but on the contrary have proven themselves flexible enough 
to be adapted to them. 
It is because of the presence of such limiting 
factors in the munitions industry that the production-
planning function continues to be a dynamic phase of 
management's responsibilities. It is believed that the 
production-planning division which has been discussed on 
the foregoing pages attempts to meet this challenge and 
does in fact, present a proven and logical system for 
solving the problems of production-planning at an ammuni-
tion manufacturing plant. 
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v. The Quality Control Division 
A. Importance of Quality Contro~ 
The first ordnance item to be fully subject to 
statistical quality control during assembly was the simple 
artillery primer. This work was done at a u.s. Army munitions 
plant, Picatinny Arsenal, in the early 1930's. It was no 
spectacular achievement. It resulted in somewhat more reliable 
unifo~n artillery primers at lower cost. * 
The system was soon expanded to many munition com-
ponents, such as fuze parts and the explosive filler of artillery 
shells, but it was not until World War II that quality control 
was applied to a whole mtmitions assembly, the small-arms 
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cartridge. This work paid great economic dividends in World War II, 
and the Tllforld War II, in turn, paid great dividends to the 
science of quality control. 
However, it was not until the Korean War that this 
scientific technique was extended to a whole rumnunition system, 
the 105-mm howitzer ammunition. Quality control was used in the 
plants manufacturing components all the way through the assembly 
process. 
The application of quality control to these processes 
has resulted in many advantages and benefits to the users of the 
ammunition. The average lot of ammunition during World War II 
was between 3,000 to 4,000 rounds. The 105-mm ammunition shipped 
to Korea recently has been in uniform lot s of 150,000 rounds. 
·>:·20 , p. 67 
Considering the fact that the artillery man has to trial fire 
several rounds of ammunition to establish the calibration of 
each lot of ammunition, it can easily be seen that the 
~~unition savings is enormous. And what is far more important 
is the increased accuracy of the new large and uniform lot of 
ammunition. 
It has been demonstrated that the dispersion of this 
ammunition is a small fract~on of the dispersion of the general 
run of ammunition that has existed heretofore, thereby insuring 
more hits on the target in less time, at the place and the time 
that they are needed. This is probably the most marked advance 
in the field on ammunition that has occurred since the intro-
duction of smokeless powder. 
Quality control has played an important part in the 
development of annnunition to its present high degree of accuracy. 
It continues to contribute towards maintaining this high quality 
and toward the application of its techniques to the various 
phases of ammunition production. 
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B. Quality Cont~ol and Inspection 
Quality control is often looked upon as some-
thing entirely separate and distinct from inspection. 
some people tend to think of quality control as mysterious 
and beyond the realm of their grasp , while at the s~~e 
time they profess to a complete working knowledge of the 
operation of inspection. As a matter of fact, it is seldom 
possible to separate the two and in the field of munitions 
where quality can be measured only by destructive tests .or 
by certain qualitative tests, adequate assurance of quality 
is obtainable only by means of quality control techniques, 
and quality control is impossible without properly planned 
inspection arrangements on a statistically sound sampling 
basis. 
The great value of quality control lies in its 
ability to focus a spotlight on the existence of unfavor-
able conditions before evidence that difficulties are 
developing would otherwise become available. However, 
thi s is only true if the correct factors are selected for 
controlling and if the mechanix of the controls are so 
arranged that the gathering of data and the plotting of 
inspection results can be carried out and conclusions drawn 
from them accurately and promptly. 
If quality control and inspection procedures are 
properly used an early start can be made in tracing the 
causes of defects as they develop during the course of man-
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c. Organization 
The Quality Control Division at an ammunition 
manufacturing plant consists of four sections which are 
assigned separate and definite functions to perf orm . 
These section s are shown on the organi zation chart shown 
as Figure XVIII below: 
QU~UT'( CONTROL DlVH)ION 
I 
I I I l 
INCOM l"l(:r <D"\Pot!E!II PI10CE55 Co~TROL FINAL ACct::i>TANCE .SPEC..I~l TES TS 
I"'SPtCTION INSI"tCTION 
Fig. XVIII - Or ganization Chart of Quali ty Control Division 
D. Functions o~ Each Section 
The I ncoming Component Inspection section is 
responsibl e ~or the quality of al l i nc oming components as 
to their conformance with quality standards prescribed 
by speci fications which are furn i shed with the contract . 
"lhile the am..rnunition plant is not responsible for bel ow-
s tandard component s which may be r eceived, it is their res-
ponsibility to assure that such components do not ge t i nto 
the production l i ne and that t hey are proper l y separ ated 
from servi ceable stocks f or eventual r eturn to the supplie r . 
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In order to carry out these functions this section must 
keep on file the latest specifications of all ammunition 
components. 
This section is also responsible for maintaining 
stocks of the various gages which are required for inspecting 
all incoming components. This task alone is no small 
undertaking in view of the many different gages which are 
needed for all components and in view of the frequent changing 
of specifications and gages which are characteristic of 
the munitions industry. 
The Process Control section is· responsible for 
controlling and maintaining the predetermined standard of 
quality of the production process. This section must determine 
for each scheduled production job, the important points 
along the production line which shall be charted and controlled. 
Having selected control points this section must determine 
the proper type of statistical quality control technique 
to apply. It is then required to maintain continuous control 
of these points while advising the production house supervisor 
regarding his adherence to the required standards. The 
i mportance of this section cannot be over-emphasized because of 
the part it plays in preventing the manufacture of below-
quality or even defective units of runmunition, which, should 
they possibly escape final acceptance inspection, might be 
used by the military with disatrous results. 
The Final Acceptance Inspection section is res-
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ponsible for inspecting the end product and determining 
whether or not it meets with the final acceptance standards. 
The proper administering of a good process control procedure 
contributes considerably towards reducing the amount of final 
acceptance inspection of the end product, however, this 
section must conduct final acceptance inspection of sample 
rounds of each lot of ammunition for specific quality 
standards that are required of the production process. As 
in the case of process control, the final acceptance inspection 
is of par ticular importance since this section has the final 
say in accepting or rejecting the end product. This section 
is re sponsible for establishing the quality level of all 
ammunition which has been given the final acceptance inspection. 
The Special Tests section is responsible for 
aili~inistering certain destructive and qualitative tests of 
components that are scheduled for assembly. It will conduct 
prescribed qualitative tests on finished rounds of ammunition 
requiring the use of special te s tinB equipment. This section 
' is responsible for the upkeep of the equipment. It is further 
responsible for conducting the above mentioned tests, compiling 
and analyzing data for further transmittal to the contracting 
government department. This section .may be given contracts 
for the conducting of certain tests which, while they are not 
connected to any of the production jobs being accomplished, 
are related to the general field of ammunition. 
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E. Quality Level of Ammunition 
Statistical quality control techniques are being 
used today in practically all industries to reduce the per-
centage of scrap and rework and to reduce the inspection 
costs required for a given degree of quality assurance. To 
be sure, these techniques also apply to the production of 
ammunition, however, one critical factor is present which 
is considered more important than all of the above listed 
benefits of quality control. Namely, in the production of 
ammunition the object of quality control and inspection is 
to assure the assembly of high quality ammunition. The 
other benefits derived are actually by-products resulting 
from a program of statistical quality control. 
The question might then arise as to why high 
quality ammunition is any different than high quality refrig-
erators, high quality radios or other high quality gadgets. 
If top quality is not maintained in certain parts of refrig-
erators, its effect might very well go unnoticed. If quality 
is foresaken somewhat in the assembly of radios the presence 
of static might be more noticeable. If quality is too costly 
to be gotten in certain other gadgets than the prices of these 
gadgets will vary accordingly. Ammunition is too critical an 
item and too important an item to sacrifice any of the h~gh 
quality which is demanded in its assembly. The weight of 
propellant charge must always be exactly as specified other-
wise it might mean the difference between hitting or missing 
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the target. The weight of the projectile must be exactly as 
specified for the very same reason. For maximum effectiveness 
of the explosion at the target, the burster charge must have 
· been pressed or poured into the projectile as specified in the 
loading procedure. The primer which is assembled into the 
case and other components which are assembled into the 
projectile must function as efficiently as possible otherwise 
serious complications can develop in the gun barrel or the 
a~munition which leaves the gun could very easily prove to be 
duds. 
High quality ammunition is an absolute necessity 
in the field of ammunition production. Unlike most other 
industries, there is very little room for arbitrary policies 
or short cut methods. The requirement of producing high 
quality ammunition is of critical importance to the attaining 
of overall strategic goals of the defense department. 
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F. Control Chart Techniques 
It is not the intention of this portion of the 
thesis to develop and illustr·ate techniques that are avail-
able for use by the quality control man since that would be 
a subject in itself; however, a brief description will be 
given of these techniques so that references to them will not 
be meaningless. 
The X and R Chart is a controlctart which is used 
to measure and control the deviations of a measurable variable 
from the middle point of an allowed tolerance. For example, 
given a bar of steel which has to be cut to lengths of 7 inches 
with a tolerance in length of plus or minus .002 inches, it can 
be seen that acceptable lengths of steel could vary from 6.998 
to 7.002 inches. Assuming this job calls for 100,000 lengths 
of steel, it is obvious that some form of sample inspection 
is necessary. The X and R Chart furnishes this sampling 
plan for assuring acceptable products· not after they have been 
produced, but while they are being produced so that if un-
acceptable product is being produced, the process can be 
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stopped and corrected. The technique of this control is, simply, 
that by means of given formulae the ability of the machine and 
man operating it can be measured to determine if the machine 
can produce to the average point of 7.000 inches and what 
the average deviation from this point appears to be. It 
can further be determined that, given a range of .004 inches 
in which to operate, what range within the allowed .004 inches 
would indicate the production of acceptable product. Putting 
these two factors together furnishes a means whereby a number 
of samples can be taken off the production line at given in-
tervals of time, measured and posted to these charts to 
indicate whether or not the product being produced is with-
in the allowable limits which have been established for this 
process. 
The p-chart is a control chart which is use.d to 
measure and control the deviations of quality characteristics 
which are not measurable in the usual sense, but which are 
checked for dimensions by the use of "go" or "not-go" gages. 
Thus, we are not confronted with measurements of a product as 
mentioned before, but by given quantities of a product which, 
by the use of these gages are either acceptable or unaccept-
able. In the case of cutting the 7 inch steel strips this 
chart could be used if gages were made for checking the length 
of the strips for conformance to the tolerance limits. The 
technique of this control is, that by means of given formulae 
the allowable percent of defective pieces can be determined 
and control limits can be established which rould indicate 
the points within which a certain level of quality can be 
expected and outside of which a dec r easing level of quality 
would result. That is to say, theOOart might indicate, that 
out of a sample of 50 pieces, taken each hour from a production 
run of 2,000 pieces per hour, the presence of 2 pieces which 
would not gage would indicate low quality whereas only one 
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defective piece would indicate conformance to the desired 
level of quality, and of course no defective pieces would 
constitute assurance of a very high percent of acceptable 
pieces. 
The c-chart is a control chart which is somewhat 
similar to the p-chart except it is used to measure and con-
trol the number of defects in a single unit of product such 
as an airplane, a radio set, a coil of wire or a roll of 
crated paper. For example, let us assume that we wish to 
checl{ the quality of a coil of wire for such attributes as 
tensile strength, hardness, purity of metal, thickness, etc. 
Obviously, the whole coil cannot be checked. Consequently, 
there must be a method whereby an inspection of a reasonable 
length of wire taken off the coil would give an accurate in-
dication of the quality of the entire coil. The technique 
of this control is, that by means of given formulae the allow-
abl e range of tensile strength, the allowable range of hardness 
or the allowable concentration of impurities can be computed 
for both acceptable and unacceptable sample lengths of coil. 
If the percent or number of defects per unit, in this case 
per length of wire, is within the calculated allowable percent 
of defects than the whole coil of wire can be accepted. If 
otherwise, than the whole coil can be considered as below the 
quality level desired. 
The theory behind the aforementioned three control 
charts is, that measurements taken from samples of a large pro-
duction run are indicative of the qua.li ty of the entire 
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production run. It has been proven statistically that the 
longer the productive run or the larger the "population" of 
the inspection lot, the more representative are the samples 
taken from the lot. The taking of more samples than are 
called for in the sampling plans does not add any ·measur-
able increase of assurance in the results derived from the 
plan. 
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G. Inspection Techniques 
There are a vailable to inspector s of the Quality 
Control Divi s ion several different types of inspection 
pl ans and tables for their use. As in control charts, tne 
theory behind all inspection plans is, that a true sample 
picked at random from a large inspection l ot will be 
r epr esen t a tive of the quality of the entire lot with a 
high degree of accuracy. The problem which confronts all 
inspectors revolves around the t ype of inspection plan which 
they should u se. This of course depends upon the level of 
quality which is desired and the cost of afuainistering various 
inspection plans. 
In t he assembly of ammunition at a manufacturing 
pl an t mo s t of the components which are used are received from 
government plants which specialize in manufacturing such com-
ponents as fuzes, primers and detonators. These components 
are generally manufactured under strict quality controls and 
are subject to final acceptance inspection at the source 
plant. Despite this fact, inspection of incoming components 
is undertaken and consists of a routine sampling which is in-
expen s i ve and is generally referred to as "reduced sampling". 
This type of inspection is · sufficient to check on such exterior 
characteristics as the presence of corrosion, serviceability 
of threaded ~ortions of a component or the proper 
identification of these components for lot control purposes. 
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In conducting the final acceptance inspection of 
ammunition at the end of the production line, sampling plans 
of a more strict or tight nature are necessary. Generally, 
and inspection plan is used which is similar to a reduced in-
spection plan, however, upon the first indication of suspect 
materi al the inspection plan may be changed to double sampling 
plans wherein the amount of inspection is increased towards 
the maximum size of the sample which is prescribed ·in the 
sampling plan. The differ.ence then between single and double 
sampling plans or reduced and tightened plans is that the 
former allows for inspecting only portions of the prescribed 
sample whereas double or tightened ~ampling req~ires inspecting 
all of the prescribed sample before reaching a decision as to 
its acceptability. 
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H. Inspection of Ammunition Components 
The importance of producing ammunition of the high-
est quality possible was pointed out in previous paragraphs. 
There are, however, certain specific instances which it will 
be worthwhile to discuss now to indicate the particular need 
of inspection in the munitions industry. 
(1) In the use of certain explosives such as tetryl 
and T.N.T., it is necessary to conduct accurate 
inspection or lot ' batches of powder for the 
amount of water moisture that is present. This 
measurement is very import~t since it bears 
directly on the sensitivity of the powder and 
its ability to function under prescribed con-
ditions. 
(2) Smokeless powder has the inherent characteris-
tic of being in a constant state of decomposi-
tion. ·While this process can go on for years 
with little if any effect on the serviceability 
of the powder, it must be under a continuous 
state of surveillance which means periodic in-
spection of the powder to watch the rate of 
decomposition. This surveillance consists of 
keeping samples in an oven under controlled 
temperatures and measuring the amount of ether 
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fumes which are given off from the powder. 
(3) Although such items as empty projectiles a.re 
manufactured under strict controls, it is 
necessary to conduct incoming sampling to re-
affirm the serviceability of the projectiles. 
The critical areas for inspection are the 
bourrelet and rotating bands, for after the 
projectile is loaded and fUzed it would be 
highly uneconomical to discover that the pro-
jectile was either too big or too small for 
service use. This may seem an unlikely thing 
to happen, but it is very · possible in view of 
the close tolerances which are required in 
the diameter and concentricities of the pro-
jectile. Another critical area of the pro-
jectile is the condition of the base fUze hole 
and nose fuze hole threads to receive their 
respective fuzes. Once again these items are 
checked during manufacture, however, the com-
plete accuracy of their machining and lining 
up with the axis of the projectile is of the 
utmost importm ce to the loading and fuzing 
process. 
In the assembly of ammunition it frequently happens 
that two or more components which have been produced by 
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different plants or companies have to be assembled together. 
Although these components have been manufactured to conform 
to the ri gid specifications of the engineering sections of 
the defense department it is entirely possible that trouble 
can be encountered in fitting these components toge ther. If 
component "A" which is a male part is manufactured correctly 
except that the lower side of the allowed tolerance was 
favored by the machinist and component "B", the female part, 
was manufactured by another company whose machinist chose to 
favor the higher side of the toleranc.e, it would be possible 
that the fitting might not be as snug or airtight as desired. 
Conversely, should the opposite road be taken by these 
machinists then trouble in making the parts fit together 
might be discovered. Although this boils down to an engineer-
ing problem for correction, it is the type of thing tha t the 
inspection division at the final assembly plant is on the 
outlook for. 
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I. Areas for Process Controls 
Having accepted and properly stored all the com-
ponents which will be necessary for use in production, we 
now turn to another area for the use of statistical techniques 
of inspection. This area is in the control of the production 
process. Quality controls whether in the area of process con-
trol or acceptance inspection can become very costly or in-
effectual if the selection of control points is not based 
upon good fundamental reasoning. 
In determining the location of control points along 
the production line, a critical examination and study of the 
production item must ;be undertaken to prepare a "classifica-
tion of defects". '!he "classification of defects" will show 
those characteristics of the assembly which are considered 
critical defects, major defects end minor defects. In the 
field of ammunition a critical defect would be one which 
would cause the ammunition to malfunction thereby endangering 
the personnel using it. A major defect would be one which 
would eff ect the proper functioning of the ammunition and a 
minor defect would be one which would have a .minor effect on 
the annnunition. Obviously, the "classification of defects" 
plays an important part in determining the degree and type 
of quality control which is necessary. 
Unlike most industries the munitions industry requires 
a great deal of 100% inspection of products both in process 
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and at the end of the production run because of the many 
critical aspects of the ammunition assembly. For instance, 
all assembled rounds of ammunition regardless of their 
caliber, have to be gaged for their overall size so that 
assurance of tbeir fitting into a gun is obtained. This is 
done by simulating a gun loading operation either by putting 
the round into a gage similar to a gun barrel or by passing 
gages over the bourrelet and rotating band areas of the 
round of ammunition. In the case of small arms, 201m and 
40rmM ammunition this process is an automatic machine operation 
due to the millions of rounds of these types of ammunition 
that are manufactured. In the case of larger calibers of 
ammunition this operation is a hand operation. 
During the assembly process , quality controls are 
necessary to control the efficiency of the selected operations 
and the uniformity of these operations. For instance, in the 
loading and fuzing of 8" AAC projectiles referred to in the 
production-planning section of this thesis, the following pro-
blems are encountered. 
(1) In loading the projectile with explosive "D" the 
powder is loaded into the projectile in several 
increments each of which is followed by a press-
ing operation. The increments must weigh a 
specific amount each and the amount of pressure 
·used in pressing the powder must conform to the 
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specified pressures. Since the latter is 
machine controlled there is little need for 
control except for periodic checking of the 
set-up. However, the weighing of the incre-
ments by the operators is subject to error and 
a controlling technique can be easily adapted 
to this critical point. 
{2) After the projectile is loaded it is subjected 
to a drilling operation which consists of drill-
ing out a portion of the burster charge to allow 
the base fuze and nose fuze to be screwed into 
place. After each cavity is drilled the parti-
cles of explosive are sucked out of the cavi-
ties. The cavities are then gaged for proper 
depth and width to accept its respective fuze. 
This is an operation that could be controlled 
by measuring the rate of wear of the drilling 
bit by means of statistical quality cont rol 
techniques. In many processes, the c~l of 
machine tool wear has been an aid in determin-
ing when a tool should be replaced. Replace-
ment of tools can then by made before the pro-
duction of defective units can take place. 
{3) One of the very last operations to be performed 
is weighing the loaded and fuzed round of ammu-
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nition. Quality control techniques will in-
dicate trends in this area. If the control 
charts indicate a trend to the maximum allow-
able weight it might be wise to check the con-
trol chart on the powder weighing operation. 
On the other hand it is very possible that some 
of t he empty projectiles are themselves on the 
high side thus bringing into play two or more 
factors that all have a bearing on the assembly 
process, all of which have to be considered by 
the quality control people. 
Leaving the 8" AAC projectile job, a look into the 
assembly process of a round of semi-fixed ammunition also re-
veals a number of points along the production line which are 
adapt able to quality control techniques. 
(1) 1he first operation in assembling a 5" semi-
fixed charge is screwing the primer into the 
base of the empty cartridge case. This is a 
critical point for control since if the 
primer is not flush with the base of the case 
two types of defects may be built into the 
assembled round. If the primer is too high 
and sticks out slightly over the base of the 
case , an accident could be caused by the breech 
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block of the gun hitting the primer when it 
slides up in place behind the case after it is 
loaded into the gun. If the primer is too low, 
t hat is, screwed too deep into the case, a 
hang fire could occur by the electric firing 
pin in the breech block not coming into contact 
with the primer after the assembled round is 
put into the gun. Obviously, controlling the 
depth of the primer in the case is a critical 
point for the quality control people. 
(2) Just as it was noted before that the weight of 
the burster charge had to be controlled, so 
does the weight of smokeless powder which is 
poured into the cartridge case have to be kept 
within close tolerances. This is · a point of 
extreme importance since the predetermined 
accuracy of the trajectory of the projectile 
is based upon the use of a specified amount of 
propellant powder. In pouring the smokele s s 
powder it is also very important to establish 
controls over the depth of the powder from the 
top of the c as e and also the density of the 
powder in the case. Uniformi ty of these charac-
teristics will contribute towards the uniform 
functioning of the entire lot of ammunition. 
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An X and R Chart for controlling the weight of 
charge discussed i n paragraph (2) above woul d be constructed 
and might look as follows: 
OE X Chart I Average of Sampl es of 5 
04 l 
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Fi g . XIX - Con trol Char t for Averages and Ranges 
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Given the weight of charge of 15.00 pounds plus or 
minus .04 pounds, it follows that the upper limit of the 
specifications would be 15.04 pounds and the lower limit 
14.96 pounds. These limits are shown as red lines above. 
_pplying formulae from statistical control techniques, it is 
determined that the samples of five cartridges the control 
limits for this job would be on 15.028 for the upper control 
limit shown as UCL and 14.972 for the lower control limit 
shown as LCL. Points which fall within these control limits 
indicate that the process is in control. The pattern of 
these points can be interpreted to describe certain charac-
teristics of the process. 
The range chart which is usually shown with the X 
Chart appears above immediately below the X Chart. The range 
as allowed by the specifications is shown as a red line. The 
upper range limit shown as the URL line indicates the range 
from .000 to .043 within which area points repre senting the 
average r ange of samples of five cartridges would be considered 
as indicative of a process that is in control. 
An analysis of the above charts would be as follows: 
(1) The process , that of weighing out the propellant 
powder for pouring into the cartridge case, is 
in control since all averages for we ight of 
charge and ranges are within the control limits 
which have been determined for this job. 
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(2) It is obvious that the weigher favors the plus 
side of the tolerance. This may be due to the 
whim of the operator or may me an that the 
weigher's scale is slightly off towards the 
high side. It is noted that the average weight 
of all the sanples is .012 pounds over the mean 
weight desired of 15.00 pounds. 
(3) As the process continues, it appears that a 
definite trend has developed which could have 
led to the production of overweight charges. 
However, this trend was arrested and it appears 
that the weight is being kept closer to the 
mean of 15.00 pounds as indicated on the right 
side of the chart. 
(4) The information derived from the Range Chart 
confirms that the process is in control. It . 
clearly shows that the weigher favors the 
high side of the tolerance sin.ce the average 
range is only .018 pounds, the weigher there-
fore· must be continuously weighing on the high 
side. 
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A p-Chart for measuring the percent defective 
material found in the process of installing the primer 
into the empty cartridge case which was previously dis-
cussed as inspecting for the "depth of primer " would be 
constructed and might look as follows: 
Number % Percent Defective Date Inspected Defective 0 I 2 3' 4 
8/1 800 32 4 . 0 y 
8/2 809 20 2.4 
I 8/3 810 16 2.0 • 
8/4 800 16 2.0 I 
8/5 802 12 1.6 I 
Sat . 
sun. I 
8/8 800 24 3.0 
./i 8/9 810 16 2.0 
I I 8/10 816 12 1.6 I I 8/11 807 8 1.0 
8/12 802 8 1.0 l I 
Sat . 
I SUn. 
8/15 805 8 1.0 } I 3/16 810 8 1.0 I 8/17 820 6 .a ,. 
8/18 830 4 .4 ( I 
8/19 845 4 .4 I 
\ 
0 ) 
I 
~ 
j 
~ 
~ - ----~ - .._ 
Fig. XX - Control Chart for Percent Defective 
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) 
In the above chart the number inspected refers to 
a 100% inspection of cartridge cases each day for the depth 
of the primer us ing the "Go" and "No Go" gages. The upper 
control limit shown as UCL is computed by the use of given 
forrrrulae and establishes the area within which defective 
material can be expected of this process but outside of which 
indicates that an assignable cause for the production of de-
fective material is present. Fortunately this char acteristic 
of defective material can be corrected in most cases by ad-
justing the depth of the primer to the proper level. Occas-
ionally a defective round may be found which upon further 
inspection would reveal that the primer hole in the case was 
not cotintersunk properly and the whole case would be rejected 
for reworking. 
Inspecting the chart shown above, it can be seen 
that this process started off producing above the upper con-
trol limit. In one day this was corrected, probably by 
further adjustment of the primer inserting equipment, and 
from then on it can be observed that the -accuracy of both 
the machine and the operator has improved to the point where 
defective material produced might very well be cases with 
such defects as high or low countersink, out of line primer 
hole, defective primer hole threads or defective threads on 
the primer itself. 
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J. Problems of the Qualit~ Control Division 
It should be noted that in addi"tlon to the usual 
problems which arise during the everyday operation of a 
quality control division, such as disputes with production 
personnel, interference with production assembly lines and 
determining corrective action to be taken, the organization 
is confronted with the problem of providing adequate space . 
and equipment for the proper functioning of this division. 
In the manufacture of ammunition the handling of components 
of ammunition is a hazardous task and assembly lines are 
designed to provide a straight line flow of work only insofar 
as adequate safety steps are provided for individual operations. 
In reality then, it is very rare that ammunition assembly lines 
conform to the laws of time and motion studies because of this 
factor. 
In most cases then, the operation of measuring the 
dimensions of a component or assembly, or weighing increments 
of powder, or gauging critical items cmnot be accomplished 
along the route of the production line. It must be done in 
a designated section of the production house which is afforded 
the same safety protection as production func tions. It must 
be carried out by quality control personnel using their own 
supply of gages , scales and other testing equipment. 
The expense of maintaining separate fac i lities for 
the quality control function at an ammunition manufacturing 
plant is not a small item in the overall cost of the ammunition. 
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Naturally, where savings can be recognized through the 
efficient assignment and use of quality control personnel 
and equipment, the best efforts will be exerted in that direc-
tion. It i s not , however, an area in which economies should 
be pressed since t h e long run advantages of good quality 
control and inspection far outweigh any immediate savings 
that would be gained by a program on " economy" inspection. 
114 
K. An Application of Sampling Techniques 
In the section dealing with the importance of 
quality control it was noted that the dispersion resulting 
from the firing of ammunition lots that were assembled under 
quality control was far less than the general run of ammunition 
that was manufactured without the fen efits of quality control . 
Thi s experience was vividly brought out in a paper which was 
given by Colonel Leslie E. Simon of the Ordnance Department, 
u. s. Army, at the Midwest Quality Control Conference in 
Chicago, Illinois, 1947. The title of his paper is "Sampling 
and Sorting Ammunition for the Attack on Normandy" and is 
summarized in the following few paragraphs.* 
Before the Allied attach at Normandy the Army 
became very disturbed about the need for artillerymen to 
test-fire several rounds of ~munition from each lot of 
ammunitiJn that they had in order to correct for dispersion 
which varied from lot to lot. Because of the nature of the 
amphibious attack and because of the thousands of lo-ts of 
run.-rnuni tion that were to be used, the A:rmy knew that test-
firing every lot by the artilleryman would be extremely 
impracticable. A method had to be devised to solve this 
problem before the ~tack was launched. 
Colonel Leslie E. Simon and a group of quality con-
trol engineers were assigned this task and sent to England 
with the necessary equipment. The team quickly discovered 
that test-firing samples of each ammunition lot would be a 
tremendous task, and would result in having to expend far too 
*19, p. 262 
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much ammunition. This was not feasible and another method 
had to be found. 
Realizing that there were three major causes for 
the variations between interior and exterior ballistics, 
namely, the amount of powder in the charge, the character 
of the rotating band and the surface finish of the projectile, 
the team attacked the problem from that point of view. If 
these characteristics could be measured for all lots of 
smokeless powder and all lots of projectiles rather than all 
lots of assembled ammunition, it was realized that the amount 
of sample firings could be enormously reduced. It must be 
pointed out here that a lot of smokeless powder or a lot of 
projectiles is usually large enough to assemble into several 
lots of assembled ammunition. In a period of six weeks the 
team of engineers with the help of about two battalions of 
men obtained samples of all powders and all projectile lots 
from the stocks of ammunition in England, of which there 
were about one million rounds, fired the samples and collected 
the necessary data. 
It was in this instance that the ammunition data 
card which was mentioned previously played so importmt a 
part. From information shown on these cards the group was 
able to apply the data obtained from the tests. For example, 
ammunition lots containing a certain index of powder were 
labelled as "on the target", ammunition lots containing 
certain projectile lots were labelled "two mils over the 
targetn, etc. It was possible by these samplings to group 90% 
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of the ammunition into three groups. Ammunition painted with 
a red stripe indicated no correction factor, ammunition 
painted with a white stripe indicated the need for a plus 
correction of from two to four mils and ammunition painted 
with a blue stripe needed a correction factor of minus two 
to four mils. 
The results of thi s program were very gratifying 
to the Army in that it was found that in no case had an 
Allied artillery man fired the ammunition to fall amoung our 
own troops. Losses of troops in this manner has always been 
a nece ssary evil that accompanies an amphibious operation. 
A by-produc t of this sampling and sorting job which proved 
to be of even more far reaching magnitude was the added con-
fidence and stimulus it gave to the troops who, knowing that 
the ammunition dispersion problem was successfully solved, 
were able to enter the battle with renewed confidence and 
aggressiveness. 
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L. The Growing Field of Q.uali ty Control 
Compared to the work which has been done in such 
fi elds as personnel management , plant orga.niz.ation, purchasing 
and production-planning, the field of quality control is a 
relatively young field. Despite its only recent application 
to the muni tions industry it has definitely taken its place 
in the organization for the manufacture of ammunition. Benefits 
through the use of quality control techniques in the production 
of ammunit ion continue to be reaped daily, just as they are 
in many other industries. The full potentialities of these 
techniques h ave yet to be realized ·and it is this realization 
that acts as an incentive for further investigation and study 
of this science. 
In the foregoing sections we have been made aware 
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of the contribution of quality control to the munitions industry. 
We have been given an idea as to its usefullness in controlling 
specific operations and the problems that are encountered therein. 
We have also found that quality control is only in its infancy 
in the field of ammunition production. Each step that is made 
is tempered, as it were, to the critical nature of the products 
on which it is being used. 
In a sense ammunition manufacture is an ideal field 
for the use of statistical quality control techniques since the 
first objective in making ammunition is a high quality level. 
It is also a field which taxes very rigidly the implements of 
its techniques and the validity of its objectives. It has 
been the testing grounds of ita theories in many an occasion. 
It is sincerely felt that the examination of pro-
duc tion processes which have been subjected to quality con-
trol, the ob jectives which. are desired and the problems 
encountered therein is a stimulating experience. It is 
conducive towards a concerted effort in the development 
and application of new and better statistical quality 
controls in the field of ammunition production. 
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